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(54) MULTI-LAYER ENDLESS BELT, MEDIUM CONVEYING BELT CONSISTING OF IT, AND 
PRODUCTION METHODS AND FORMING DEVICES THEREFOR 



(57) A multi-layered endless belt having an arbitrary 
layerthickness by the thickness of the film and the wind- 
ing number, a medium conveying belt using the same, 
and a method and apparatus by which these can be sta- 
bly produced without various residues in the production 
process and can be produced with a high general-pur- 
pose properties and at a low cost. There are provided a 
multi-layered endless belt made by winding and heat- 
welding a polymer material film and a production meth- 
od thereof, and further a production method of medium 
conveying belts of various forms fundamentally having 
a construction in which an electrode pattern and a pro- 
tective film are laminated thereon, and a novel produc- 
tion method and molding apparatus for molding the mul- 
ti-layered endless belt by heat-pressing a wound tubular 
body. 
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Description 

FIELD OF THE ART 

[0001] The present invention relates to an endless belt having a multi-layered structure, and more particularly to a 
multi-layered endless belt made of a film made of a polymer material, a medium conveying belt made of the same, a 
production method thereof, and a molding apparatus thereof. 

BACKGROUND ART 



[0002] Various methods are known by which a belt (including a tube, hereafter referred to as belt) is produced with 
a resin. For example, a resin solution having a heat-resistant resin or a resin source material dispersed or dissolved 
in a solvent is applied onto an outer surface of a cylindrical or tubular surface -treated mold or applied onto an inner 
surface of a tubular mold and, after thickness adjustment, evaporating the solvent by heating or evaporating the solvent 

is by preheating, and then heat-curing it to produce a belt. 

[0003] In evaporating the solvent by heating, the heating must be carried out moderately at a temperature lower than 
the boiling point of the solvent in order to suppress foaming from the inside of the resin, and it is not preferable to 
perform the heating at a temperature which is too high. Further, in order to prevent the solvent from remaining in the 
obtained belt, this drying step requires a period of time at least in minutes, specifically in five to ten minutes, and if it 

20 is possible in production, it is preferable to perform the drying step for a longer period of time in view of the characteristics 
of the product. Further, the heat -curing requires a considerable period of time depending on the type of the resin . and 
it requires at least four to five minutes or, if it is long, thirty to forty minutes, and an even longer period of time is required 
in order to raise the curing degree. 

[0004] Due to such a low productivity, a large amount of expensive mold and a wide production space are needed 
in the case of manufacturing a large amount of products. Also, by this method, the fabricated resin belt may be brought 
into close contact with the mold as if being bonded thereto, making it difficult to peel the belt from the mold. In this 
case, the expensive mold must be protected at the cost of the product, thereby all the more aggravating the productivity. 
Further, in order to facilitate lubrication, the mold must be subjected to a lubrication treatment, thereby raising a problem 
that repellency of the solution occurs and pinhole defects are liable to occur For this reason, the yield of the products 
30 has not been high. 

[0005] One method for fabricating an endless belt is a method by extrusion. By this production method, an endless 
belt is obtained by extruding a thermoplastic resin in a hollow state and cutting it to a suitable length. This method is 
a fairly effective method as a method for obtaining a long product having a wide belt width. However, by this method, 
it has been extremely difficult to mold a thin resin belt. Also, there is a limit to the dimension precision, so that at most 
35 about 5 to 1 0 % of the thickness of the molded product is near the limit, and actually there has been a variation more 
than that. Moreover, it has a disadvantage that the apparatus will be considerably large and expensive in order to 
obtain a belt having a large diameter by this production method. 

[0006] A still another method for obtaining an endless belt is a method by injection molding. This molding method 
involves molding by injecting a thermoplastic resin into a mold and is advantageous in that a product having a desired 

40 shape and size can be obtained. Further, this method is a useful method because a three-dimensional complex shape 
is also obtained. However, by this method, the mold will be expensive and the apparatus itself will be large and expen- 
sive in order to mold a large-size one. Further concerning the precision of the molded product, the dimension precision 
of the thickness has a limit of about 0.05 mm besides the size of the outer diameter, so that it cannot be said to be a 
good one. Further, it cannot be said to be a preferable method for molding a product having a small thickness. 

45 [0007] On the other hand, as a method for obtaining a belt, there is a method in which a resin film is produced in 
advance and the ends of the film are bonded. In this method, a thermoplastic resin is used for bonding the seams, or 
the belt itself is formed of a thermoplastic resin and the seams are superposed one on the other and thermally welded; 
however, there has been a problem such as brittleness of the physical strength of the seams and the difficulty of forming 
it into a plane. 

so [0008] Furthermore, in an electronic photography apparatus such as a copier, a method is known in which paper is 
conveyed by mounting the paper on a resin belt such as PC or vinylidene fluoride, or in which the resin belt is electrically 
charged in advance to impart an electric charge to the surface thereof and the paper is conveyed by allowing the paper 
to be adsorbed by the electric charge. In the method of conveying the paper by mounting it on the resin belt, the paper 
and the belt often slip with each other and it is difficult to realize a stable transportation. On the other hand, the method 

55 of allowing the resin belt to be electrically charged for allowing the paper to be adsorbed has a problem such that the 
adsorption force of the paper is insufficient and it is not possible to fix the paper on the belt with good precision, and 
moreover the tip end of the paper floats up during the transportation. In particular, in order to achieve high speed of a 
printer, it has been necessary to allow a printing medium such as paper or OHP film to be adsorbed onto the belt with 
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good precision, and to raise its adsorption power. Furthermore, it has been necessary to ensure a sufficient power of 
adsorbing the paper even if the environment of use changes. e.g., even under a high-temperature and high-humidity. 
For this reason, in order to achieve a high speed of a printer or the like, there is a medium conveying belt capable of 
strongly adsorbing a medium such as for printing adopts a method in which an electrode pattern is formed on a belt 

5 and applied a voltage thereof so that the paper is electrostatically adsorbed. 

[0009] Conventional conveying belts have been extremely expensive because they are originally expensive and also 
a special apparatus or means is used in order to form an electrode by further processing them. Regarding the conven- 
tional conveying belts, a seamless belt (hereafter referred to as endless belt) is produced by a method such as described 
above, and the obtained endless belt is further processed to form an electrode pattern having electrical conductivity; 

10 however this leads to processing an expensive endless belt further with an expensive apparatus. For example, the 
electrode pattern having electrical conductivity is formed by performing printing, vacuum deposition etching, plating, 
or the like; however, it is a considerably difficult work to perform such a processing on an endless belt. Though screen 
printing on a plane is easy, printing an electrically conductive paste on a tubular object by curved-surface printing 
requires a special apparatus, leading to poor yield and increased costs. 

is [0010] Further in recent years, there is a tendency that electrophotographic devices, ink jet printers, or bubble jet 
printers are becoming smaller and less expensive. For this reason, the medium conveying belt used in these devices 
require compact designs. In particular, if an electrode is exposed for applying a voltage to the surface on which the 
medium is conveyed, it will be an obstacle in reducing the scale of the device. This is because it requires an area for 
exposing the electrode in addition to the area for the objects to be adsorbed, and moreover the presence of a power 

20 supplying brush restricts the freedom of the site for printing characters or transcribing images on the medium, thereby 
all the more increasing the size of the device. Therefore, a medium conveying belt has been demanded which has a 
construction such that an electrode protective layer is further provided on the electrode pattern. However, in addition 
to the difficulty in forming an electrode pattern after fabricating a tubular object in view of forming the electrode pattern 
on a curved surface, there is a problem of increase in costs because since the device must undergo a complicated 

25 process of attaching an electrode pattern on a curved surface after manufacturing a tubular object and thereafter 
forming an electrode protective layer. 

[0011] Thus, as a result of repeated eager studies and development in order to obtain a manufacturing method by 
which an endless belt having an arbitrary size and thickness can be mass-produced stably and inexpensively and 
moreover the characteristics of the belt can be suitably adjusted, the inventors of the present invention have arrived 
30 at a concept of the multi-layered endless belt of the present invention and its manufacturing method, and further arrived 
at a concept of various medium-conveying belts using the same, their manufacturing methods, and apparatus for 
forming the same. 



35 



DISCLOSURE OF THE INVENTION 



[001 2] A object of the multi-layered endless belt of the present invention lies in having a structure of being constructed 
with a nonthermoplastic polyimide resin layer and an adhesive layer formed from at least one selected from the group 
consisting of epoxy resin, silicone resin, vinyl ester resin, phenolic resin, unsaturated polyester resin, bismaleimide 
resin, urethane resin, melamine resin, and urea resin, and being wound to construct a laminate body. 

40 [0013] Further, another object of the multi-layered endless belt of the present invention is a multi-layered endless 
belt constructed with a nonthermoplastic polyimide resin layer and a thermoplastic resin layer made of a thermoplastic 
polyimide resin or at least one resin selected from the group consisting of polyether sulfone, polyethylene terephthalate, 
polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyetherimide, polysulfone, polyamideimide, 
polyetheramide, and polyarylate, wherein the nonthermoplastic polyimide resin layer and the thermoplastic resin layer 

45 are wound and alternately formed. 

[0014] A object of the production method of the multi-layered endless belt according to the present invention lies in 
including a laminate film forming step for forming a laminate film by disposing an adhesive layer formed from at least 
one selected from the group consisting of epoxy resin, silicone resin, vinyl ester resin, phenolic resin, unsaturated 
polyester resin, bismaleimide resin, urethane resin, melamine resin, and urea resin, on an entire surface or a specific 

50 portion of one surface or both surfaces of a nonthermoplastic polyimide film; a winding step for winding the laminate 
film at least two times around an axial core; and a heat-bonding step for heat-bonding the laminate film wound around 
the axial core with a heat source disposed in the inside and/or on the outside of the axial core. 

[0015] Another object of the production method of the multi-layered endless belt of the present invention lies in 
including a laminate film forming step for forming a laminate film by disposing a thermoplastic resin layer made of a 
55 thermoplastic polyimide resin or at least one resin selected from the group consisting of polyether sulfone, polyethylene 
terephthalate, polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyetherimide, polysulfone, 
polyamideimide, polyetheramide, and polyarylate, on an entire surface or a specific portion of one surface of a non- 
thermoplastic polyimide film; a winding step for winding the laminate film around an axial core for two or more winds; 
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and a heat-welding step for heat-welding with a heat source disposed in the inside and/or on the outside of the axial core. 
[0016] Still another object of the production method of the multi-layered endless belt of the present invention lies in 
including a laminate film forming step for forming a laminate film by disposing a thermoplastic resin layer made of a 
thermoplastic polyimide resin or at least one resin selected from the group consisting of polyethersulfone. polyethylene 
terephthalate, polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyetherimide, polysulfone. 
polyamideimide, polyetheramide, and polyarylate, on an entire surface or a specific portion of both surfaces of a non- 
thermoplastic polyimide film; a winding step for winding the laminate film around an axial core for two or more winds; 
and a heat-welding step for heat -welding with a heat source disposed in the inside and/or on the outside of the axial core. 
[001 7] Still another object of the production method of the multi-layered endless belt of the present invention lies in 
including a film producing step for producing a film made of a nonthermoplastic polyimide resin and a thermoplastic 
resin film made of a thermoplastic polyimide resin or at least one resin selected from the group consisting of polyether 
sulfone, polyethylene terephthalate, polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyeth- 
erimide, polysulfone : polyamideimide, polyetheramide, and polyarylate; a delivering step for delivering the nonthermo- 
plastic polyimide resin film and the thermoplastic resin film; a winding step for laminating and winding the nonthermo- 
plastic polyimide resin film and the thermoplastic resin film simultaneously for two or more winds around an axial core; 
and a heat-welding step for heat-welding with a heat source disposed in the inside and/or on the outside of the axial core! 
[0018] A object of the production method of the medium conveying belt of the present invention is a production 
method of a medium conveying belt having an electrically conductive electrode pattern on an outer circumferential 
surface of a multi-layered endless belt and further having an electrode protective layer on an outer circumferential 
surface of the electrode pattern, the production method including: 

a step of preparing a material film as described in any of the above or a thermoplastic resin film: 

a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential length 

of a tubular object at one end on one surface of a monolayer film of the material film or thermoplastic resin; 

a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 

electrode pattern forms the outermost circumferential surface, and further winding a resin film for forming the 

electrode protective layer at least two times on a surface of the electrode pattern; and 

a heat-welding step of heat-welding the film with the electrode pattern and the resin film for the electrode protective 
layer which are wound around the axial core. 

[0019] Further, another object of the production method of the medium conveying belt of the present invention is a 
production method of a medium conveying belt having an electrically conductive electrode pattern on an outer circum- 
ferential surface and an inner circumferential surface of a multi-layered endless belt and further having an electrode 
protective layer on an outer circumferential surface of the electrode pattern, the production method including: 

a step of preparing a material film as described in any of the above or a thermoplastic resin film; 
a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential length 
of a tubular object each at one end on one surface and at the other end on the opposite surface of the material 
film or thermoplastic resin film; 

a winding step of winding the film with the electrode pattern at least two times around an axial core so that one 
electrode pattern forms the outermost circumferential surface and the other electrode pattern forms the innermost 
circumferential surface, and further winding a resin film for forming the electrode protective layer at least two times 
on a surface of the electrode pattern; and 

a heat-welding step of heat-welding the film with the electrode pattern and the resin film for the electrode protective ' 
layer which are wound around the axial core. 

[0020] Alternatively, still another object of the production method of the medium conveying belt of the present inven- 
tion is a production method of a medium conveying belt having an electrically conductive electrode pattern on an outer 
circumferential surface of a multi-layered endless belt and further having an electrode protective layer on an outer 
circumferential surface of the electrode pattern, the production method including: 

a step of preparing a material film as described in any of the above or a thermoplastic rosin film; 

a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential length 

of a tubular object on a part of one surface of a laminate film or the thermoplastic resin film; 

a winding step of winding the film with the electrode pattern at least two times around an axial core; and 

a heat-welding step of heat-welding the film with the electrode pattern wound around the axial core. 

[0021] Still another object of the production method of the medium conveying belt of the present invention is a pro- 
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duction method of a medium conveying belt having an electrically conductive electrode pattern on an outer circumfer- 
ential surface and an inner circumferential surface of a multi-layered endless belt and further having an electrode 
protective layer on an outer circumferential surface of the electrode pattern, the production method including: 

5 a step of preparing a material film as described in any of the above or a thermoplastic resin film; 

a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential length 
of a tubular object on a part of one surface of a laminate film or the thermoplastic resin film and forming an electrode 
pattern for one circumferential length of a tubular object at one end of the opposite surface; 
a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 

10 electrode pattern at one end of the opposite surface forms the innermost circumferential surface; and 

a heat-welding step of heat-welding the film with the electrode pattern and the resin film for the electrode protective 
layer which are wound around the axial core. 

[0022] Further still another object of the production method of the medium conveying belt of the present invention 
*5 is a production method of a medium conveying belt ol a structure having an electrically conductive electrode pattern 
on an outer circumferential surface of a multi-layered endless belt and further having an electrode protective layer on 
an outer circumferential surface of the electrode pattern, the production method including: 

a step of preparing a material film as described in any of the above or a thermoplastic resin film; 
20 a step of drilling a hole through a monolayer film of the material film or the thermoplastic resin film so that the 

electrode pattern of the electrode protective layer will be exposed to the inside of the medium conveying belt after 
winding and heating, or preparing a film narrower than the electrode protective film in a direction perpendicular to 
the circumferential direction; 

a winding step of winding the film with the electrode pattern at least two times around an axial core, and further 
25 winding a resin film for forming the electrode protective layer, which has the electrode pattern formed thereon, at 

least two times; and 

a heat-welding step of heat-welding the film and the resin film for the electrode protective layer with the electrode 
pattern, which are wound around the axial core, 

whereby an electric power can be supplied from the inside of the belt in applying a voltage to the electrode pattern 
30 between the two layers. 

[0023] Still another object of the production method of the medium conveying belt of the present invention is a pro- 
duction method of a medium conveying belt of a structure having an electrically conductive electrode pattern on an 
outer circumferential surface of a multi-layered endless belt and further having an electrode protective layer on an 
35 outer circumferential surface of the electrode pattern, the production method including: 

a step of preparing a material film as described in any of the above or a thermoplastic resin film; 
a step of forming a film with an electrode pattern by forming an electrode pattern for one circumferential length of 
a tubular object at an end on one surface of the material film or the thermoplastic resin film; 
■to a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 

electrode pattern at one end of the opposite surface forms the innermost circumferential surface, and further wind- 
ing a resin film for forming the electrode protective layer, which has the electrode pattern formed thereon, at least 
two times; and 

a heat-welding step of heat-welding the film and the resin film for the electrode protective layer narrower than the 
45 film in a direction perpendicular to the circumferential direction, which are wound around the axial core; and 

a post-processing step of bending the end together with the electrode pattern to the inside of the medium conveying 
bell for contact-bonding by heating, after molding the belt, 

whereby an electric power can be supplied from the inside of the belt in applying a voltage to the electrode pattern 
between the two layers. 

50 

[0024] A object of the endless belt molding apparatus of the present invention lies in being constructed at least with 
a removable axial core and a heat-prcssing apparatus having a shielding member mounted thereon, wherein there 
are two spaces that are partitioned by the shielding member between the axial core and the heat-pressing apparatus 
and the axial core has an outer circumferential surface for winding a film, and in including a heat-processing mechanism 
55 and a pressure-processing mechanism via the shielding member for the film. 

[0025] Another object of the endless belt molding apparatus of the present invention is an apparatus having a hollow 
or solid axial core, a multiple cylindrical mold made of an outer tube surrounding the axial core, and an elastic body 
that partitions a space between the axial core and the outer tube as a fundamental construction, wherein the spaces 
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on the axial core side and on the outer tube side with the elastic body lying therebetween (hereafter referred to as 
space a and space b) are independently capable of being subjected to pressure reduction and/or pressurization. 
[0026] A object of the endless belt molding method of the present invention is a molding method of an endless belt 
using the aforesaid endless belt molding apparatus, including: 

(1 ) a step of winding a film on an outer circumference of the axial core for one or more layers; 

(2) a step of installing the axial core having the film wound thereon in the inside of the aforesaid heat-pressing 
apparatus; 

(3) a step of reducing the pressure of space c and space d to sufficiently remove air between the wound films: 

(4) a step of applying a pressure to space e, pressurizing the whole films via the shielding member and heating 
the whole wound films while maintaining a pressure; 

(5) a step of cooling while maintaining the aforesaid pressure; and 

(6) a step of peeling off the molded endless belt from the aforesaid axial core by pressurizing the space c to obtain 
an integrated endless belt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

Fig. 1 shows one embodiment of a production method of a multi-layered endless belt according to the present 
invention and is an enlarged cross-sectional explanatory view of a film winding means: 

Fig. 2 is a front explanatory view of an essential part of a wound laminate film for explaining the production method 
of a multi-layered endless belt; 

Fig. 3 is a perspective view showing another embodiment of a production method of a multi-layered endless belt 
according to the present invention; 

Fig. 4 is a front view of an essential part showing still another embodiment of a production method of a multi- 
layered endless belt according to the present invention; 

Fig. 5 is a front view of an essential part showing still another embodiment of a production method of a multi- 
layered endless belt according to the present invention; 

Fig. 6 is a cross-sectional model view of one example of a multi-layered endless belt according to the present 
invention: 

Fig. 7 is a cross-sectional model view of another example of a multi-layered endless belt according to the present 
invention; 

Fig. 8 is a front explanatory view of an essential part showing still another embodiment of a production method of 
a multi-layered endless belt according to the present invention; 

Fig. 9 is a side explanatory view showing still another embodiment of aproductionmethod of amulti-layered endless 
belt according to the present invention; 

Fig. 10 is a side explanatory view showing still another embodiment of a production method of amulti-layered 
endless belt according to the present invention; 

Fig. 11 is a side explanatory view showing still another embodiment of a production method of amulti-layered 
endless belt according to the present invention; 

Fig. 1 2 is a front explanatory view of an essential part for explaining a production method of a multi-layered endless 
belt shown in Fig. 1 ; 

Fig. 1 3 is an enlarged cross-sectional explanatory view of an essential part showing an embodiment of a medium 
conveying belt which is an application example of a multi-layered endless belt according to the present invention; 
Fig. 14 is a side view of a film with an electrode pattern which is used in a medium conveying belt according to 
the present invention; 

Fig. 1 5 is an explanatory view showing a processed state of a film with an electrode pattern of a medium conveying 
belt according to the present invention; 

Fig. 1 6 is a cross-sectional side view of a film with an electrode pattern of Fig. 14 which is in a state of being wound 
around an axial core; 

Fig. 1 7 is a cross-sectional side view after an electrode protective layer is further wound on an outer circumference 
of a film with an electrode pattern of Fig. 16; 

Fig. 18 is an enlarged cross-sectional explanatory view of an essential part showing another embodiment of a 
55 medium conveying belt according to the present invention; 

Fig. 19 is an enlarged cross-sectional explanatory view showing one embodiment of a production method of a 
medium conveying belt according to the present invention; 

Fig. 20 is an enlarged cross-sectional explanatory view showing one embodiment of a production method of a 



30 



35 



40 



45 



50 



NSDOCID: <EP 1 193047A1_L> 



EP 1 193 047 A1 



medium conveying belt of the present invention; 

Fig. 21 is a side view showing another mode of a film with an electrode pattern; 

Fig. 22 is a cross-sectional conceptual view of a film with an electrode pattern of Fig. 21 in a state of being wound 
around an axial core: 

5 Fig. 23 is an explanatory view showing a state of use of another embodiment of a medium conveying belt of the 

present invention; 

Fig. 24 is an explanatory view showing another processed state of a film with an electrode pattern of a medium 
conveying belt according to the present invention; 

Fig. 25 is an explanatory view showing another embodiment of a medium conveying belt according to the present 
'0 invention; 

Fig. 26 is an explanatory view showing a processed state of a material of a medium conveying belt according to 
the present invention; 

Fig. 27 is an explanatory view showing another embodiment of a medium conveying belt according to the present 
invention; 

15 Fig. 28 is an explanatory view showing a processed state of a material of a medium conveying belt according to 

the present invention; 

Fig. 29 is an explanatory view showing a processed state of a material of a medium conveying belt according to 
the present invention; 

Fig. 30 is an explanatory view showing another embodiment of a medium conveying bell of the present invention; 
20 Fig. 31 is an explanatory view showing another embodiment of a medium conveying belt according to the present 

invention: 

Fig. 32 is an explanatory view showing a state of use of another embodiment of a medium conveying belt according 
to the present invention; 

Fig. 33 is an explanatory view showing an intermediate state of production of a medium conveying bolt according 
25 to the present invention; 

Fig. 34 is an explanatory view showing another embodiment of a medium conveying belt of the present invention; 
Fig. 35 is an explanatory view showing a processed state of a material of a medium conveying belt according to 
the present invention; 

Fig. 36 is an explanatory view showing another embodiment of a medium conveying belt according to the present 
30 invention; 

Fig. 37 is an explanatory view showing a processed state of a material of a medium conveying belt according to 
the present invention; 

Fig. 38 is an explanatory view showing a processed state of a material of a medium conveying belt according to 
the present invention; 

35 Fig. 39 is an explanatory view showing another embodiment of a medium conveying belt according to the present 

invention; 

Fig. 40 is an explanatory view showing a state of use of another embodiment of a medium conveying belt according 
to the present invention; 

Fig. 41 is an explanatory view showing another embodiment of a medium conveying belt according to the present 
-*o invention; 

Fig. 42 is an explanatory view showing another embodiment of a medium conveying belt according to the present 
. invention; 

Fig. 43 is an explanatory view showing a cross section of a conductive part of a medium conveying belt according 
to the present invention; 

45 Fig. 44 is another explanatory view showing a cross section of a conductive part of a medium conveying belt 

according to the present invention; 

Fig. 45 is an enlarged cross-sectional explanatory view showing another embodiment of a production method of 
a medium conveying belt according to the present invention; 

Fig. 46 is a cross-sectional side view showing one embodiment of a multi-layered endless belt molding apparatus 
50 of the present invention; 

Fig. 47 is a cross-sectional side view showing one embodiment of a multi-layered endless belt molding apparatus 
of the present invention; 

Fig. 48 is a cross-sectional side view showing another embodiment of a multi-layered endless belt molding appa- 
ratus of the present invention; 

55 Fig. 49 is a cross-sectional explanatory view showing an Example of disposition of a heat source of a multi-layered 

endless belt molding apparatus according to the present invention; 

Fig. 50 is a cross-sectional explanatory view showing an Example of disposition of a heat source and a cooling 
mechanism of amulti-layered endless belt molding apparatus according to the present invention; 
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Fig. 51 is a cross-sectional explanatory view showing another Example of disposition of a heat source and a coolino 

mechanism of amulti-layered endless belt molding apparatus according to the present invention 

aSord^gto fhe preset * " ™ ^ " « molding apparatus 

Sn!n!f h S 3 J OSS - sectional explanatory view showing an Example of an expandable and contractible axial core 
(expanded and contracted by letting a small sectioned part in and out) of an endless belt molding apparatus ac- 
cording to the present invention; 

F ,^ 0 f {b) ^ ros ^ sectional explanatory view showing another Example of an expandable and contractible axial 
core (expanded and contracted by an elastic body expanded and contracted by pressure) of an endless belt molding 
apparatus according to the present invention; 

Fig. 52(c) is a cross-sectional explanatory view showing still another Example of an expandable and contractible 
axial core (expanded and contracted by letting a small sectioned part in and out) of an endless belt molding ap- 
paratus according to the present invention; 

Fig. 52(d) is a cross-sectional explanatory view showing still another Example of an expandable and contractible 

nS2SS^Tr d contracted by ,ettin9 a sma " sectioned part in and ou,) of an endless 

paratus according to the present invention; K 
«7alM25^!SS^ 0n, !l T^T 0 ^ Vi6W Sh0Wi "9 sti " another Exam P'e * an expandab.e and contractible 
tc "he ^pleSfnvenlion " " " & °' " ** 3pparatUS acCordina 

Figs. 53(a), 53(b), 53(c) are cross-sectional explanatory views showing still another Example (provided with a 

a^orHin" «f SeCti ° nab ' e aXial Core provided with an elastic *>°<* layer of an endless belt molding apparatus 
according to the present invention; K 

ZV™~? CrOSS ; S ^ Ctio ; al explanatory view showing still another Examp.e of an expandable and contractible 
axial core (expanded and contracted by pulling or pressing while twisting a plate-shaped metal) of an endless bolt 
molding apparatus according to the present invention; 

Figs. 55(a) 55(b) are cross-sectional explanatory views showing still another Example (provided with an elastic 
body layer) of a sectionable axia, core of an endless beft molding apparatus according to the present invention 
Fig. 56 >s an explanatory v.ew showing still another embodiment of a heat source of a multi-layered endless belt 
molding apparatus according to the present invention; 

Fig 57 is an explanatory view showing still another embodiment of a heat source of a multi-layered endless belt 
molding apparatus according to the present invention: 

Fig. 58 is an explanatory view showing still another embodiment of a heat source of a multi-layered endless belt 
molding apparatus according to the present invention- 

Stl^!^ 

belt according to the present invention: 

p F iesen 0 Hnvention eXPlanat0ry Sh ° Win9 ' *"* ° f *" 6ndleSS belt m ° ldind apparatUS accordina t0 ,he 

p'Jesf n 0 Unven a ion; XPlanatOry *~ Sh ° Win9 ' C °° lin9 ° f 8 " be,t m0 ' ding apparatus accordin 3 t0 *• 

mfdhl'tr eXplanat 7 P ' a " view of an essential Part showing an experiment method of adsorption power of a 
medium conveying belt according to the present invention- 

u?JTJ ^ hI eXp ' a " at0r y View of a flat P ,ate *>r performing a preliminary test on a source material film 

used in an endless belt production method according to the present invention- 

Fig 62(b) is an explanatory view of a press surface of a flat plate press for 500t for performing a preliminary test 
on a source material film used in an endless belt production method according to the present invention- 

62(c) is an explanatory view of a press surface of a flat plate press for 40t for performing a preliminary test 
on a source material f.lm used in an endless belt production method according to the present invention 
F,g. 63 is an explanatory view of a flat plate press, in which the pressure can be reduced and increased via an 
elastic body, or performing a preliminary test on a source material film used in an endless belt production method 
according to the present invention: and 

F !?o? a 4 ? I" eXP ' anat0, J Vi6W ° f an ° ther ,lal Pla,e P ress in which the P^sure can be reduced and increased via 
ZTr,T h* I P f 0rnllnQ a P^liminary tost on a source material film used in an endless belt production 
method according to the present invention. *«««.iium 

BEST MODES FOR CARRYING OUT THE INVENTION 

bef mL^, X | t h emb ° dim .r tS ° f mul,Ma y ered end 'e*s belt according to the present invention, the medium conveying 
belt made of the same, the products method thereof, and the forming apparatus thereof will be explained. 
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[0029] The mu It i- layered endless belt of the present invention is characterized in that, fundamentally, a polymer film 
is used as a source material film and a tubular object constructed by winding the same is heat-welded to form the belt. 
[0030] The polymer material for forming the above-mentioned tubular object is not particularly limited, but may be. 
for example, an engineering plastic. Specifically, it is preferable to use one kind or a combination of two or more kinds 

5 selected from the group consisting of polyamide 6, polyamide 66 : polyamide 46, polyamide MXD6 : polycarbonate, 
polyacetal, polyphenylene ether PET (polyethylene terephthalate), PBT (polybutylene terephthalate), PEN (polyeth- 
ylene naphthalate), polyarylate, liquid crystal polyester, polyphenylene sulfide, polysutfone, polyethersulfone. polyether 
ether ketone, polyetherimide, polyamideimide, aramid : nonthermoplastic polyimide, thermoplastic polyimide, fluorores- 
in : ethylene vinyl alcohol copolymer polymethylpentene, phenolic resin, unsaturated polyester resin, epoxy resin, sil- 

10 icone. and diallyl phthalate resin: however it is not limited to these. 

[0031] The polymer material is welded and/or cured by heating it as a tubular object made of a film-shaped polymer 
material, and may be a monolayer film or a laminated film having a multi-layered construction. One of following com- 
bination is preferably used; thermoplastic resin alone, nonthermoplastic resin - adhesive, thermoplastic resin - ther- 
moplastic resin, nonthermoplastic resin - thermoplastic resin, thermoplastic resin - adhesive, thermoplastic resin - 

15 nonthermoplastic resin - thermoplastic resin, adhesive - nonthermoplastic resin - thermoplastic resin, adhesive - non- 
thermoplastic resin - adhesive, thermoplastic resin - thermoplastic resin - thermoplastic resin, adhesive - thermoplastic 
resin - thermoplastic resin, and adhesive - thermoplastic resin - adhesive. Paticularly, from viewpoint of strength of the 
film, it is preferable to use a nonthermoplastic potyimide resin as a nonthermoplastic resin. In the case of a multi-layered 
construction, for example, a laminate film may be mentioned such as a thermoplastic resin film obtained by using a 

20 high-Tg high-elasticity thermoplastic resin in the inside and using a low-Tg thermoplastic resin on both sides thereof, 
or a laminate film obtained by forming an adhesive layer or a thermoplastic resin layer on one surface or on both 
surfaces of a nonthermoplastic resin film. 

[0032] Since in most cases thermoplastic resin has low elasticity and low tension-resistance as compared with non- 
thermoplastic resin, it is preferable to use a laminate film obtained by forming a thermoplastic resin layer on one surface 
25 or on both surfaces of a nonthermoplastic resin film if stiffness or high strength is required in the multi-layered endless 
belt to be formed. On the other hand, if surface flatness of the multi-layered endless belt to be formed is severely 
required, it is preferable to use a thermoplastic resin film alone or a laminate film in which a thermoplastic resin layer 
is formed on both surfaces of a nonthermoplastic resin. 

[0033] One embodiment of the multi-layered endless belt of the present invention can be produced by winding a 
30 laminate film having an adhesive layer disposed on the entire surface or on a specific portion of one surface or both 
surfaces of a nonthermoplastic polyimide layer. 

[0034] The nonthermoplastic polyimide film used in the multi-layered endless belt of the present invention is not 
particularly limited, and may also be any of the nonthermoplastic polyimide films prepared from a diamine component 
and an acid dianhydride component and known to those skilled in the art. 

35 [0035] The nonthermoplastic polyimide film can be produced by allowing diamine and acid dianhydride as source 
materials in an organic solvent and subjecting the generated polyamic acid solution or polyimide solution to the casting 
method, the extrusion-calendering method, the roll-calendering method, the application and drying method onto a 
carrier film, or the like method. Further, the multi-layered film obtained from the nonthermoplastic polyimide film can 
be further subjected to an arbitrary processing of the surface state such as being flat or embossed (unevenness) by a 

•to post-process using a press-heating roll, sand-blasting, or the like. 

[0036] Further, in the present invention, the aforesaid nonthermoplastic polyimide film can be used as it is, but it is 
preferable to produce the multi-layered endless belt after one or more surface treatments selected from the group 
consisting of the ozone processing, coupling agent processing, blast processing, and etching processing is carried out 
on the entire surface or a specific portion of one surface or both surfaces thereof. 

-*5 [0037] The adhesive layer used one embodiment of the multi-layered endless belt of the present invention is not 
limited, but it is preferably an adhesive layer formed from at least one resin selected from the group consisting of epoxy 
resin, silicone resin, vinyl ester resin, phenolic resin, unsaturated polyester resin, bismaleimide resin, urelhane resin, 
melamine resin, and urea resin. More preferably, the glass transition temperature Tg of the adhesive layer is preferably 
at least 120°C. 

50 [0038] Another embodiment of the multi-layered endless belt according to the present invention is constructed with 
the above-mentioned nonthermoplastic polyimide resin layer and a thermoplastic resin layer, and is wound to have a 
laminate structure. 

[0039] The material of the thermoplastic resin layer used for the production of the different embodiment of the multi- 
layered endless belt of the present invention is not limited, but it is preferably at least one kind of heat-resistant resin 
55 selected from the group consisting of thermoplastic polyimide resin, polyether sulfone, polyethylene terephthalate, 
polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyetherimide, polysulfone, polyamideimide, 
polyetheramide, polyarylate, polycarbonate, polyvinyl fluoride resin, fluororesin, polyamide resin, silicone resin, and 
others. Further, those having characteristics such that the glass transition temperature Tg is at least 120°C are more 
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preferable. 

[0040] The laminate film having the above-mentioned construction used for the production of the multi-layered end- 
less belt according to the present invention may be made by the method of applying and drying an adhesive solution 
or a thermoplastic resin solution on one surface or both surfaces or a specific portion of a nonthermoplastic resin film 
already made into a film as a continuous body ; the method of laminating an adhesive film or a thermoplastic resin film 
on one surface or both surfaces of a nonthermoplastic resin already made into a film in the same manner, the method 
of extruding and molding a nonthermoplastic resin precursor containing a cured portion and a non-cured portion and 
a resin for an adhesive or a thermoplastic resin in multiple layers and thereafter performing a post-curing process or 
the like method; however, it is not limited to these. Here, the specific portion may be a plurality of sites. In the case 
where a surface treatment is performed on the nonthermoplastic polyimide film, it is preferable if the adhesive layer or 
the thermoplastic resin layer are disposed on the surface subjected to the surface treatment, because then a good 
close contact is obtained between the nonthermoplastic polyimide film and the adhesive layer or the thermoplastic 
resin layer. Further, the close contact at the time of winding can be improved by performing a surface treatment on the 
side of the nonthermoplastic polyimide film where the adhesive layer or the thermoplastic resin layer is not disposed 
after forming the laminate film. 

[0041] The total thickness of the laminate film used in the aforesaid multi-layered endless belt according to the 
present invention is not particularly limited, but it is preferably small and is preferably at most 0.05 mm. This is because 
by using a film having a small thickness and suitably setting the number of winding, a belt having a further arbitrary 
thickness from a thin resin tubular body to a thick resin tubular body can be produced, and moreover the thickness of 
the film can be made almost constant, so that the thickness of the obtained belt can be made almost constant. If a thin 
material is used, it is preferable because the thickness (layer thickness) of the multi-layered endless belt to be produced 
can be arbitrarily adjusted by the winding number, and moreover, the step difference at the starting end and the finishing 
end of winding of the multi-layered endless belt can be made small. Further, the nonthermoplastic polyimide film and 
the thermoplastic resin layer preferably have a thickness as uniform as possible. 

[0042] The thickness of the nonthermoplastic polyimide films used in the multi-layered endless belt of the present 
invention is not particularly limited, but preferably they all have a thickness as small as possible. In other words, usually, 
the nonthermoplastic polyimide film preferably has a thickness of about 7.5 ujn to 150 M m. more preferably 7 5 urn to 
50 jim. 

[0043] In the multi-layered endless belt made of the nonthermoplastic polyimide layer and the adhesive layer, the 
thickness of the adhesive layer is not particularly limited, but usually it is preferably smaller than the thickness of the 
nonthermoplastic polyimide film. Specifically, the adhesive layer preferably is at least 3 M m and at most 20 urn. If a thin 
laminate film is used, the thickness of the multi-layered endless belt to be produced, i.e. the layer thickness, can be 
arbitrarily adjusted by the winding number in the winding step of the laminate film, and moreover there will be a small 
step difference at the starting end and the finishing end of the winding of the multi-layered endless belt. On the other 
hand, if the thickness of the adhesive layer is smaller than 3 urn, a sufficient adhesive power will not appear. Further 
the nonthermoplastic polyimide film or the adhesive layer each preferably has a thickness as uniform as possible. 
[0044] In the multi-layered endless belt made of the nonthermoplastic polyimide resin layer and the thermoplastic 
resin layer, the thickness of the thermoplastic resin layer is preferably larger than that of the nonthermoplastic polyimide 
layer. This is because, in flattening the winding finishing end and the winding starting end. in filling the welded/exuded 
step portion with the thermoplastic resin, complete filling and embedding cannot be performed if the thickness of the 
thermoplastic resin layer is smaller than that of the nonthermoplastic polyimide film. 

[0045] The multi-layered endless belt according to the present invention is produced by winding the aforesaid lam- 
inate film around an axial core of a film winding means or by delivering the nonthermoplastic polyimide film and the 
thermoplastic resin film and simultaneously winding them around the axial core. Hereafter, the production method of 
the multi-layered endless belt of the present invention will be explained with reference to one example. Fig. 1 is an 
enlarged cross-sectional explanatory view of a film winding means of the multi-layered endless belt of the present 
invention, and Fig. 2 is an explanatory front view of an essential part in which a tube and a laminate film are wound 
around an axial core. Referring to Fig. 1 , in the film winding means 10, a thin tube 16 having an adhesion preventive 
layer 14 made of fluororesin or the like disposed on the surface thereof may be attached to an axial core 12 in an 
attachable and detachable state to produce the axial core. To the axial core 12, a thin tube 16 having a release layer 
14 made of fluororesin or the like disposed on the surface thereof can be suitably attached in an attachable and de- 
tachable state. This tube 16 has a thickness of at most 0.5 mm, preferably at most 0.2 mm. 

[0046] For example, as shown in Fig. 2, after a laminate film 18 is wound on the attachable and detachable tube 16 
while giving a tensile force, the adhesive layer or the thermoplastic resin layer in the laminate film is heat-welded to 
form the multi-layered endless belt 20. Thereafter, the multi-layered endless belt 20 and the attachable and detachable 
tube 16 are separated so that the multi-layered endless belt 20 can be taken out alone. 

[0047] Alternatively, the multi-layered endless belt of the present invention can be produced by simultaneously wind- 
ing a nonthermoplastic polyimide film and an adhesive layer or a thermoplastic resin film around an axial core of a film 
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winding means to produce a multi-layered endless belt. In this case, referring to Fig. 3 : the nonthermoplastic polyimide 
film 18 and the thermoplastic resin film 26 which are separately delivered are laminated on the axial core 12 and are 
simultaneously wound to form the multi-layered endless belt. In this case, if a thin tube having an adhesion preventive 
layer made of f luororesin or the like disposed on the surface thereof is attached to the axial core 1 2 of the film winding 

5 means 10 to produce the axial core, the nonthermoplastic polyimide film and the thermoplastic resin film are simulta- 
neously wound on the attachable and detachable tube while giving a tensile force : and then the thermoplastic resin 
portion is heat-welded to form the multi-layered endless belt according to the present invention. Thereafter, the multi- 
layered endless belt 20 and the attachable and detachable tube 16 are separated so that the multi-layered endless 
belt 20 can be taken out alone. 

w [0048] After the adhesive layer or the thermoplastic resin layer are heat-welded to integrate the laminated films with 
each other to form the multi-layered endless belt 20, it is taken out from the axial core 12 together with the tube 16, 
and thereafter the multi-layered endless belt 20 is separated from the tube 1 6 to obtain the multi-layered endless belt 
20 as a single body. The obtained multi-layered endless belt 20 is used as a belt for conveying paper or the like., by 
retaining its original size or after being cut into a suitable width. 

15 [0049] By the production method of the multi-layered endless belt according to this embodiment, the laminate film 
1 8 is wound and the adhesive layer in the film is heat-welded, so that the layer thickness of the multi-layered endless 
belt 20 can be arbitrarily adjusted by the thickness of the laminate film 18 and the number of winding. Further, with 
respect to the size of the multi-layered endless belt 20, those having a large diameter to those having a small diameter 
and long ones to short ones can be easily fabricated by the size of the laminate film 18 and the size of the tube 16 

20 around which it is wound, so that endless belts can be easily fabricated and moreover the thickness in the circumferential 
direction and the width direction can be made uniform. 

[0050] As shown above, an embodiment of the production method of the multi-layered endless belt according to the 
present invention has been explained; however the present invention is in no way limited to the above-described modes. 
[0051] For example, it is also preferable to wind the laminate film 18 around the tube 16 after the laminate film is 
25 electrostatically charged before winding the laminate film 1 8 around the attachable and detachable tube 1 6. By doing 
so, the films wound around the tube 1 6 are brought into close contact with each other by static electricity, so that uniform 
winding can be made without entangling air. 

[0052] Further, referring to Fig 4, it is possible to make a construction in which, simultaneously with winding a film 
on the surface of the tube 16 disposed on the axial core 12 of the film winding means 10, the winding portion of the 

30 film is pressed by the roller 22 disposed almost in parallel with the axial core 1 2 for winding while removing air entangled 
between the films. In this embodiment, the multi-layered endless belt 20 may be formed by heat-welding the laminate 
film 18 after winding the laminate film 18; however, it is possible to make a construction in which a heater or the like 
is incorporated in one or both of the axial core 12 of the film winding means 10 and the roller 22 to heat-weld the 
laminate film 1 8 simultaneously with winding the laminate film 1 8 around the tube 1 6. 

35 [0053] Further, referring to Fig. 5, in the case of a form in which the film is sandwiched between the axial core 12 of 
the film winding means 1 0 and the roller 22 disposed almost in parallel with the axial core 1 2 for winding the film around 
the tube 1 6, the outer diameter of the axial core 1 2 may be sufficiently smaller than the inner diameter of the tube 16. 
In this embodiment, it is preferable to make a construction in which a heater or the like is incorporated in one or both 
of the axial core 12 of the film winding means 10 and the roller 22 to heat-weld the film simultaneously with winding 

*o the film around the tube 16. According to this mode, even if the diameter of the multi-layered endless belt 20 to be 
formed changes in various ways, it is sufficient to prepare only the tube 16 in accordance with its diameter, thereby 
providing an advantage of low cost needed for equipment. 

[0054] In addition to the above-mentioned mode, in the production method of the endless belt according to the present 
invention, in winding the thermoplastic resin film 1 8 around the endless tube 1 6 fitted onto the axial core 1 2 of the film 
45 winding means 10, ft is also preferable to simultaneously wind a sheet-like substance made of a different material 
having the same size as or a smaller size than the material film 18. The sheet-like substance made of the different 
material may be, for example, a glass-knitted sheet, melal foil, paper nonwoven cloth, or the like, and one or more 
kinds selected from these are used. 

[0055] The sheet-like substance 26 is selected in accordance with the use of the endless belt to be produced and, 
50 for example, a glass-knitted sheet is used for improving the mechanical characteristics such as a tensile strength. 
Further, a metal foil is used for improving the thermal conductivity and, in particular, an endless belt having a small 
thermal expansion and shrinkage and being excellent in thermal dimension stability is obtained by using a Fc-Ni alloy 
as the metal foil. Thus, improvements in the characteristics can be attained by interposing various materials between 
the layers of the material film, which are impossible by resin alone or mixture with resin. Also, various materials can 
55 be mixed in a ratio that is impossible by mixture of resins, and further improvement of a plurality of characteristics can 
be made by selection of the materials. 

[0056] The multi-layered endless belt of the present invention thus obtained has a cross section having a structure 
obtained by winding a laminate film and has a hollow central portion whether the belt is formed from a laminate film 
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having a two-layer structure in which an adhesive layer or a thermoplastic resin layer 25 is disposed on the entire 
surface or at a specific portion of one surface of a nonthermoplastic polyimide film 23 or the belt is formed from a 
laminate film having a three-layer structure in which an adhesive layer or a thermoplastic resin layer 25 is disposed 
on the entire surface or at a specific portion of both surfaces of a nonthermoplastic polyimide film 23. One example of 
the cross section of the fundamental multi-layered endless belt of the present invention is shown in Fig. 6. 
[0057] In such a multi-layered endless belt, the starting end and/or finishing end of winding can be formed to be 
smooth. By thus forming it to be smooth, the step difference at the end will be eliminated, which is convenient in using 
the multi-layered endless belt. The end is made smooth by adjusting the adhesive layer. 

[0058] Here : in the present invention, the "smooth winding starting end" refers to the state in which the adhesive 
layer or the thermoplastic resin is melted and exuded to elute from the end by the temperature of thermal press-bonding 
at the overlapping portion of the laminate film wound for one round on the winding starting end in the winding process 
to flatten the thickness of the laminate film and the winding starting end of the innermost layer which is the first round 
is made flat to eliminate the step difference portion of the end. Further, the "smooth winding finishing end" refers to the 
state in which the adhesive layer or the thermoplastic resin is melted and exuded to elute from the end by the heating 
of thermal press-bonding at the portion where the winding finishing end overlaps with the laminate film in the winding 
process of the laminate film, to flatten the thickness of the laminate film and the winding finishing end of the outermost 
layer which is the last layer is made flat to eliminate the step difference portion of the end. 

[0059] For example, in the case where a laminate film 18 having an adhesive layer or a thermoplastic resin layer 25 
on the entire surface or at a specific portion of one surface of a nonthermoplastic polyimide film 23 is wound around 
an axial core so that the nonthermoplastic polyimide film 23 comes near to the axial core side, the outermost layer 
having the winding finishing end made smooth with the adhesive layer or the thermoplastic resin layer can be formed 
as shown in Fig. 7(a) illustrating one example. Conversely, in the case where the laminate film 18 is wound around the 
ax.al core so that the adhesive layer or the thermoplastic resin layer 25 comes near to the axial core side, the innermost 
layer having the winding starting end made smooth with the adhesive layer or the thermoplastic resin layer 25 can be 
formed, as shown in Fig. 7(b) illustrating one example. Further, the outermost layer and the innermost layer having a 
smooth winding starting/finishing end can be formed by winding a laminate film 18 having an adhesive layer or a 
thermoplastic resin layer 25 on the entire surface or at a specific portion of both surfaces of a nonthermoplastic polyimide 
film 23 around an axial core, as shown in Fig. 7(c) illustrating one example. 

[0060] As a specific means for forming the innermost layer having a smooth winding starting end or the outermost 
layer having a smooth winding finishing end, the heat-bonded multi-layered endless belt 20 is constructed to be pressed 
onto an adjacently disposed rotatable cylinder 24 or a tube while being held on the axial core 12 of the film winding 
means 10 and rotated, and one or both of the step differences formed at the winding starting end and the winding 
finishing end of the multi-layered endless belt are flattened, as shown in Fig. 8. 

[0061] More preferably, in this processing of the end, it is preferable to make a construction in which a heat source 
ts provided in the rotatable tube 24 disposed adjacent to the film winding means 10, and the surface temperature of 
the tube 24 is set at a temperature higher than the glass transition temperature Tg of the adhesive layer or the ther- 
moplastic layer, more preferably higher by 30°C than the glass transition temperature Tg of the adhesive layer or the 
thermoplastic layer, or at a temperature higher by 10°C than the temperature needed for thermal cure and the tube 
24 is pressed onto the multi-layered endless belt 20 held by the axial core 1 2 of the film winding means 1 0 while being 
rotated. According to this embodiment, the end can be forced out to almost completely eliminate the step difference 
Here, the surface provided in the tube 24 need not necessarily be a mirror surface, and may be for example a surface 
subjected to an almost uniform embossing treatment or the like. In this embodiment, a process of slip prevention or 
the like can be performed on the surface of the multi-layered endless belt 20. 

[0062] Here : the film winding means 1 0 is for winding the laminate film 1 8, and incorporates therein a driving device 
capable of rotating the axial core 1 2 and capable of controlling the speed. Further, to the axial core 1 2 of the film winding 
means 1 0, a function of heating the laminate film wound around the tube 1 6 attached thereto is imparted. For example 
the axial core 12 of the film winding means 10 can be constructed with a self-heat-generating heater and the thermo- 
plastic resin film 1 8 can be constructed to be heat-welded by the heat generation of the axial core 12. 
[0063] As the self-heat-generating heater, for example, at least the outer surface of the axial core 12 can be con- 
structed with an electric resistor, or an electric resistor is formed on the surface of an insulator by plating, vapor dep- 
osition, or application to construct the heater that generates heat by energization, as shown in Fig. 9. 
[0064] Further, the axial core of the film winding means 10 can be constructed with a hollow body having a heat 
source in the inside, and the laminate film 1 8 can be constructed to be heat-welded by the heat generation of the heat 
source. For example, referring to Fig. 10, various heaters can be disposed in the inside of the axial core 12 made of 
a hollow body, for example, by using a light-emitting heat generator 32 such as a halogen lamp as the heat source 
[0065] Furthermore, referring to Fig. 11 , the attachable and detachable tube 16 can be constructed with a material 
made of a conductor selected from iron, stainless steel, aluminum, copper, or an alloy thereof, and the axial core 12 
of the film winding means 1 0 can be constructed with any of the insulating materials including ceramics such as alumina 
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and 7irconia, glass having a heat resistance, and various minerals such as marble, and the laminate film 18 can be 
constructed to be heat-bonded bypassing an electric current through a coil 30 for induction heating which is disposed 
around the axial core 12 of the film winding means 10 and generating heat in the attachable and detachable tube 16 
by induction. In other words, the tube 16 is directly subjected to heat generation by electromagnetic induction. 

5 [0066] On the other hand, it is required that the tube 16 has a heat resistance to a temperature above the heating 
temperature, and has a strength such that the tube 16 is not deformed even if the laminate film 18 is wound thereon, 
except for the above-mentioned special mode of use. Further if the adhesive layer is heated via the tube 16 by heat 
from the axial core 12, the tube 16 preferably has a material quality excellent in thermal conductivity. A release layer 
14 made of fluororesin or the like is disposed on the surface of the tube 16. as shown in Fig. 12, and it is constructed 

10 in such a manner that the multi-layered endless belt 20 formed by heat-bonding the adhesive layer thereon can be 
easily dismounted from the tube 16. 

[0067] In the above-described construction, the tube 16 is attached to the axial core 12 of the film winding means 
1 0 in a state of being attachable and detachable; the tube 1 6 is rotated together with the axial core 12; and the laminate 
film 18 is wound on the surface of the tube 16 for at least two winds while being given a constant tensile force. In 

'5 winding, the laminate film 1 8 may be wound so that the nonthermoplastic polyimide film comes to the axial core side. 
Conversely, however, it is possible to wind it so that the adhesive layer comes to the axial core side. The tensile force 
imparted at this time may be sufficiently such that it can allow the laminate film to be in close contact and wound. 
[0068] In winding the laminate film around the tube 1 6, it is preferable to wind it under a reduced pressure atmosphere 
of at most 1330 Pa, particularly under a reduced pressure atmosphere of al most 133 Pa : because then air will not be 

20 entangled between the films. The laminate film 1 8 may be heat-bonded simultaneously with winding the laminate film 
18 around the tube 16; however, it is convenient if the laminate film 18 is heat-bonded after the laminate film 18 is 
wound until the laminate film 1 8 has a required layer thickness, because then the layer thickness can be easily controlled 
and the shape of the obtained multi-layered endless belt can be easily controlled. 

[0069] As the heating temperature of the axial core main body, it is preferable that the surface temperature of the . 

25 axial core 12 of the film winding means 1 0 is higher by 30°C, preferably by 50°C, than the glass transition temperature 
Tg of the material of the adhesive layer. Alternatively, it is preferably a temperature higher by 10°Cthan the temperature 
needed in heat-curing the adhesive layer or the thermoplastic resin layer. In order to heat-bond the adhesive layer or 
the thermoplastic resin layer, it is necessary that at least the temperature of the axial core 12 is set at a temperature 
higher by 30°C, more preferably by 50°C : than the glass transition temperature Tg of the adhesive or the thermoplastic 

30 resin, in order to improve the productivity. 

[0070] If the multi-layered endless belt obtained by the aforesaid various methods is used as a conveying belt for 
electrostatically adsorbing and conveying paper, OHP film, or the like, various electrically conductive patterns are 
provided on the outer circumference of the multi-layered endless belt by a method such as printing, vapor deposition, 
etching, or plating. 

35 [0071] The layer thickness of the multi-layered endless belt of the present invention obtained in the above-described 
manner can be arbitrarily adjusted by the thickness of the film and the number of winding, and further the thicknesses 
in the circumferential direction and in the width direction can be made constant. Further, this production method has 
high general-purpose properties and can lower the production costs. 

[0072] Next, the medium conveying belt according to the present invention will be explained hereafter. 

40 [0073] The medium conveying belt according to the present invention is made of a base layer for obtaining a physical 
strength of the medium conveying belt on which an electrode pattern is formed for applying a voltage to generate an 
electrostatic adsorption power, and a protective layer for protecting it and facilitating the adsorption of a held body such 
as paper or OHP. Both of these layers are formed by welding and/or curing the polymer film by heating after winding 
the polymer film around a supporting body, and it has a construction such that an electrically conductive electrode 

45 pattern is disposed on the outer circumferential surface of the multi-layered endless belt or the thermoplastic resin film 
obtained in the above-mentioned manner, and it further has an electrode protective layer on the outer circumferential 
surface of this electrode pattern. 

[0074] A method of producing the medium conveying belt of the present invention is such that first a resin tubular 
body to become a base is constructed. As the resin tubular body, a material film constituting the aforesaid multi-layered 

50 endless belt can be used. For example, it is constructed by winding a laminate film having an adhesive layer or a 
thermoplastic resin layer laminated on a nonthermoplastic resin layer, or by winding a thermoplastic resin film. If it is 
sufficient that the tubular body 12 functions only as a supporting body of the electrode pattern 14, the tubular body 
may have any characteristics as long as it has a predetermined mechanical strength. Representatively, the tubular 
body 12 of the present invention is made of a polymer material having a tensile elasticity of at least 1 .96 GPa and/or 

55 a glass transition temperature of at least 150°C. The tensile elasticity at this time is measured by a method according 
to ASTM D882, and the glass transition temperature is measured by a method according to JIS K 7121. 
[0075] Here, the thermoplastic resin used in the medium conveying belt according to the present invention is not 
particularly limited as long as it is a thermoplastic resin used in the aforesaid multi-layered endless belt; however, a 
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thermosetting resin such as epoxy resin, phenolic resin, or cyanate ester resin can be used by mixing it with such a 
thermoplastic resin as long as it does not deteriorate the flexibility. Among these, a thermoplastic polyimide being 
excellent in electrical insulation, slidability. long-term heat resistance reliability, stiffness at an ordinary temperature 
and others is especially preferable. 

[0076] As the thermoplastic polyimide resin, those having a glass transition temperature Tg of at least 1 50°C more 
preferably at least 230°C, can be preferably used. The medium conveying belt 10 is a belt used for conveying paper, 
OHP film, or the like in an electrophotographic device such as a copier, a laser beam printer or a facsimile or a belt 
for conveying and drying paper, OHP film, or the like of an ink jet printer device or a bubble jet printer device Therefore 
if the thermoplastic polyimide resin constituting the medium conveying belt has a glass transition temperature Tg of at 
least 150°C, more preferably at least 230°C, in the use condition of the belt, the thermoplastic polyimide resin used 
below the glass transition temperature Tg functions as a heat-resistant resin. Unlike a conventional nonthermoplastic 
(thermosetting) pol yi mide film, the thermoplastic polyimide film has a melting fluidity at a predetermined high temper- 
ature region while having a heat resistance, and is excellent in processability. Further, the adhesion at the seam portion 
in the heat-resistant resin belt of the present invention is excellent as compared with the nonthermoplastic polyimide 
film. As an example, the thermoplastic polyimide used in the medium conveying belt of the present invention is pref- 
erably one containing, as a major component, a structure such that the chemical structural formula is represented bv 
the general formula (1): 1 




(in the formula, m, n are each equal to the molar ratio of each repetition unit in the polymer chain; m is within the range 
from about 0.1 to about 0.9; n is within the range from about 0.9 to about 0.1 . However, the ratio of m and n is about 
0.01 to about 9.0. A, B are each a tetravalent organic group; and X, Y each represent a bivalent organic group) 
[0077] Further, as acid dianhydride. A in the general formula (1 ), which is a monomer that imparts thermoplasticity 
is preferably at least one kind selected from the group of tetravalent organic groups represented by the general formula 





(in the formula, R 1 and R 2 each represent a bivalent organic group). 

[0078] Further B in the aforesaid general formula (1) is preferably at least one kind selected from the qroup of 
tetravalent organic groups represented by: 
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[0079] Further, as diamine, X, Y in the aforesaid general formula (1) each are preferably at least one kind selected 
from the group of bivalent organic groups represented by the general formula (3): 




(in the formula. R 3 represents a bivalent organic group), which is a monomer that imparts thermoplasticity, and the 
chemical formula 5: 
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5 



10 



15 




H 3 C CH 3 



[0080] Here : the production method of the thermoplastic polyimide is exemplified as follows. 

[0081] First, acid dianhydride composed of acid dianhydride (preferably 1 0 to 90 mol%) having an ester group in the 
molecule chain shown in the aforesaid general formula (2) and aromatic acid dianhydride (preferably pyromellitic di- 
anhydride) containing a tetravalent organic group shown in the aforesaid chemical formula 3 is allowed to react with 
diamine containing a bivalent organic group of the aforesaid general formula (3) and the chemical formula 5 in an 
organic solvent to obtain a polyamide acid solution which is a precursor solution of polyimide. Then, it is dried by heating 
and converted into imide to obtain polyimide. However this embodiment is exemplary and it is not limited to this alone. 
[0082] Further, in a film made of a thermoplastic resin alone, it is possible to add an inorganic or organic filler, or a 
fibrous substance to the resin in order to compensate for the insufficiency of elastic modulus. 

[0083] Further, as the nonthermoplastic resin constituting the laminate film, any resin known to those skilled in the 
art can be used; however, polyimide being excellent in electrical insulation, slidability ; long-term heat resistance relia- 
bility, stiffness at ordinary temperature, and others is especially preferable. The nonthermoplastic polyimide films con- 
tain all of the resins represented as thermosetting polyimide resins or reaction -curing type polyimide resins or the like. 
Further, as the nonthermoplastic polyimide film, it is possible to use. for example, a film made of nonthermoplastic 
polyimide resin alone; however, it is possible to use a film made of a mixture of nonthermoplastic polyimide film and 
an additive. In order to mix the additive with the nonthermoplastic polyimide film, the additive is mixed with its precursor. 
[0084] As the nonthermoplastic polyimide f|lm : it is possible touse, for example, a film made of a resin having a 
structural formula represented by the general formula (4): 
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(wherein R 4 is a tetravalent organic group: R 5 is a hydrogen atom or a monovalent substituent; m. n are integers: and 
m/n assumes a value from 0.1 to 100); however it is not limited to this alone. 
10 [0085] Generally, in the medium conveying belt : it is necessary that the stiffness and the surface flatness are both 
above a constant level. Therefore, in this case, laminate films in which the thickness ratio of the nonthermoplastic resin 
and the thermoplastic resin is changed in various ways can be constructed to provide a suitable balance among the 
properties. 

[0086] The thickness of one thermoplastic resin film or one laminate film is from 5 um to 100 urn preferably from 10 
'5 u m to 50 jim, further preferably from 1 0 jam to 30 um. If the thickness is smaller than this, the winding work in winding 
the film around the axial core will be difficult, whereas if the thickness is larger than this, the step difference at the 
starting point and the finishing point of winding will be large. 

[0087] If the laminate film is used, its thickness construction is determined by the balance of properties required in 
the medium conveying bell to be obtained: however, as an example, a laminate film can be used in which an adhesive 

20 layer or a thermoplastic resin layer of 3 ^ m to 50 ^m, preferably 3 um to 25 um is formed on one surface or both 
surfaces of a nonthermoplastic resin film of 5 um to 25 um, preferably 7 um to 15 jam. If the thickness of the nonther- 
moplastic resin film is smaller than this, it will be difficult to form the thermoplastic resin layer in view of work. On the 
other hand, if the thickness of the adhesive layer or the nonthermoplastic resin film is larger than this, the step difference 
at the starting point and the finishing point of winding will be largo. If the thickness of the thermoplastic resin layer is 

25 smaller than this, it is not possible to obtain sufficient integration of the resins, and also the step difference at the starting 
point and the finishing point of winding will be large. If the thickness of the thermoplastic resin layer is larger than this, 
the stiffness of the whole belt body will be low, and the effect obtained by lamination with the nonthermoplastic resin 
will be less likely to appear. 

[0088] Further, the properties such as the electric resistance and the dielectric constant of the thermoplastic resin 

30 film and the laminate film and/or the electrode protective layer (or the dielectric layer) of the medium conveying belt of 
the present invention can be adjusted to suitable values by adding a filler such as carbon, metal, metal oxide, or a 
mineral. Paper, OH P film, and others can be adsorbed more strongly and conveyed and, by suitably selecting the filler, 
it is possible to exhibit the effect that the adsorptive power and the conveying power, which changes with temperature 
in a single body of resin, will be stable without variation by the temperature change. An additive with the maximum 

35 dimension of at most 30 um is used. The reason why it is limited to the additive of this size is that, if it has a larger size 
than this, it will not be preferable for the surface property and others when the additive is mixed with a thin resin layer. 
Further, if the additive is mixed at a ratio exceeding 30 wt% with respect to the resin . it is not preferable because the 
surface property of the resin coating layer will be deteriorated and moreover the strength will decrease. 
[0089] A filler is preferably mixed with the thermoplastic resin film or the laminate film for preventing the blocking, in 

J0 view of the workability of winding the film. If the filler is large, it will be a foreign substance, so that it is preferable to 
fill it with a filler having the maximum particle size of at most 5 um. Here, the reason why the maximum dimension of 
the filler that can be added to the thermoplastic film or the laminate film is limited to at most 5 um is that, if the additive 
has a size larger than this, it is not preferable from the viewpoint of surface property or the like in the case of a film in 
which the source material film is thin, and also, if the additive is mixed at a ratio exceeding 30 wt% with respect to the 

-*5 resin, it is not preferable because the surface property of the resin coating layer will decrease and moreover there will 
appear an adverse effect that the strength will decrease. The kind, quantity, and size of the additive are set to be the 
optimum from the required properties of the endless bell. 

[0090] As the resin to be used in the resin film for forming the electrode protective layer thermoplastic resin, non- 
thermoplastic resin, rubber, and thermoplastic elastomer may be mentioned. These include resins known as thermo- 

50 setting resin, reaction-curing resin, or ionomer. More specifically, isobutylene maleic anhydride copolymer, AAS (acry- 
lonitrile - acryl - styrene copolymer), AES (acrylonitrile- ethylene - styrene copolymer), AS (acrylonitrile - styrene co- 
polymer), AB (acrylonitrile - butadiene copolymer), ABS (acrylonitrile - butadiene - styrene copolymer), ACS (acrylo- 
nitrile - chlorinated polyethylene - styrene copolymer), MBS (methyl methacrylate - butadiene - styrene copolymer), 
ethylene - vinyl chloride copolymer, EVA (ethylene - vinyl acetate copolymer), EVA-based (ethylene -vinyl chloride 

55 copolymer-based), EVOH (ethylene vinyl alcohol copolymer), polyvinyl acetate, chlorinated polyvinyl chloride, chlorin- 
ated polyethylene, chlorinated polypropylene, carboxyvinyl polymer, ketone resin, norbornene resin, vinyl propionate, 
PE (polyethylene), PP (polypropylene), TPX : polybutadiene, PS (polystyrene), styrene maleic anhydride copolymer, 
methacryl, EMAA (ethylene methacrylic acid), PMMA (polymethyl methacrylate), PVC (polyvinyl chloride), chlorinated 
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nylon MXD.ny.on 46. rihc^h^X a^T^JiS^ 2, I*' 0 " "' ^ 12 ' c °P ol V— * nylon, 
thalate). PC (polycarbonate), POm" (po.yacet a pTl Si!^^ PBT (polybutylene tereph- 
(polyphenylene ether), PEEK (polyether ether ketone? PFT/^t^h * (Polyphenylene ether), denatured PPE 
PPS (polyphenylene sulfide) PAR toXaw^eUotii!«! (polyether sulf one) , PSO (polysulfone); polyamine sulfone 
«PO<yester,, M dcr^ 

(tetratluoroethylene -hexafluoropropylene) EPE ( etrafluomlthln/ ^ ^ f f < ,etrafluor ° et hy"ene - ethylene), FEP 
PFA (tetratluoroethylene - ^J^^eZ^^Z: i T UOTOpro e>" e " e " Pert luoroa.kyl viny. ether). 
. trlf.uoroethy.ene). PVDF (p'o.yviny.iden'e ZS^^F^XSr??^; ^ (e,hy ' ene " Ch, ° r °- 
urea res.n, melamine-based resin, guanamine resin vinSp«ter™27 f ' uor,cle >' Pu (polyurethane), phenolic resin. 
Phtha.ate resin, DKF resin, xy.ene'resin epoxy Tesl fc™ ZrP.^^^^ r ° , *^^ te -« llal, y i 
<po.yamide,mide), acry.si.icone, si.icone, ^(SX^^^^m^ m,, ^ ta8e,^, ■ PE ' W**™™*). 
prene rubber), SBR (styrene butadiene ru bber)^ (butadiene ru bber) C R ^chin ^ ' " ^ l T"* ' R < iS °- 

isoprene rubber), NBR(nitrile butadiene rubber) Ernto£^^V ) ' CR < ch,oro P rene ru bber), l.R (isobutylene 
rubber), CPE (chlorinated polyethylene rubberT cIm^Sc « P W * rUbb6r) ' EPDM (etn y |ene Propylene diene 
Vlene aery, rubber, U (uremane S^SS^SX^^ ZST*"" ACM (acr * eth " 

(epichlorohydhn rubber,, po.ysu.fide rubber n^SSr^IIf Pr ° Py ' ene mbber ' CHR 

norbornene rubber, TPO (oJinic thermophi^SSS? X rethan^f h^h " qUid rUbber " 

chloride-based thermoplastic elastomer) TPS <l tvr^I TPU i (urethdne - bas ^ thermoplastic elastomer), PVC (vinyl 
tic elastomer), PA-based (po.yam S^S^^b^T?'? 1 " e,aS '° mer >< TREE (Polyester-based thermop.as 
.omer, elastic epoxy resii^oXt^ 

mentioned. comomat.ons of two or more kinds of resins selected from these may be 

ther, it is possible to prepare a resin f.L wZfi^T 7 9 temperature ° f at 'east 150°C are preferable Fur- 

[0092] Further, among these ^JZ^^Z T^T * S ^ 0 ^ a P'-a.ity of resins, 
leakage currents under a H^£^£^"^ n ^ ^ rSS ' n film is P referab 'V 'ow for preventing 
the high-temperature and high-humid^ ^SE^JSS!^!!^ * *** ^ 

ink. , n particu.ar, if an adsorptive power under a u e envimnm S ^SS^™^^**""*"** 
use a resin having a water absorptivity of at most 1%, more pTeferably a. most 0 5»/ * * " t0 



water absorptivity (%) = (W2 - W1 ) + W1 x 1 00 



™ street i^rris; r 24 1 1 hours in a th ~ ic -* ^ - «~ ± 2 »c 

water drops on the surface are wiped out H^lSf^titZT - r f0r 24 h ° UrS and *«• the 

measurement and calcu.ation method ar , sed M ' Tres n ha^no a ^7 " memi ° ned thiS s P ecif - a ti°n, this 
electrode protective layer, it is preferable because thenlnT abs °^Pt,vity of at most 1% is used in the 

under a high-temperature and high-humidity eZ^nt^Zl^ ^ br6akdown resistance 

[0094] Further if one wishes to imn^I T imparted to the medium conveying belt 

is preferably an ink ZZT^oZT™ - electee protective layer 

and/or a high dielectric constant additive with an iTresis.Lm ms^n hH 7° e,ectrical 'y conductive additive 
be, for example, at least one or more kinds ofreS seSte Zl Z n °' Mmited ' but ma V 

styrenic resin, acry.ic resin, silicone resin, polce ™ ^1 Z^r ^ C ° nSISUn9 °' fluororesin . °'*"nic resin, 
vol% of these resins. Poiyacetal res.n, and aromat.c res.n, or a mixed resin containing at least 30 

= M r^rjr;=rr^r~^ - 
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of a vinylidene fluoride resin, polyvinylidene fluoride resin : vinylidene fluoride - hexafluoropropylene rubber vinylidene 
fluoride - hexafluoropropylene - tetrafluoroethylene rubber, vinylidene fluoride - pentafluoropropylene rubber, vinylidene 
fluoride - pentafluoropropylene - tetrafluoroethylene rubber, vinylidene fluoride - perfluoromethyl vinyl ether - tetrafluor- 
oethylene rubber, vinylidene fluoride - chlorotrifluoroethylene rubber, thermoplastic fluororubber (DaielT-530, Daiel T- 

5 630 manufactured by Daikin Chemical Co., Ltd. and others), soft fluororesin (Cefral Soft G150F100N : Cefral Soft 
G150F200 manufactured by Central Chemical Co. : Ltd. and others) may be mentioned, and at least one or more kinds 
of resins selected from these are used in accordance with the purpose. A urethane resin., a vinyl chloride resin, a 
polyethylene resin, and others are exemplified as the other resin that is combined for forming a polymer alloy with a 
vinylidene fluoride resin; however, any resin known to those skilled in the art can be used., and it is not particularly limited. 

w [0097] The specific volume resistance of the electrode protective layer is from 1 0 9 to 1 0 15 Qcm, preferably from 1 0 10 
to 10 14 12 cm, and the dielectric constant is at least 3.0 and at most 30.0, preferably at least 5.0 and at most 30.0. If 
the specific volume resistance is below 10 9 Q cm, the insulation between adjacent electrodes will be insufficient, and 
the leakage current will flow. On the other hand : if the specific volume resistance exceeds 1 0 15 Qcm, electric charge 
is more unlikely to be induced on the surface of the electrode protective layer, and the adsorptive power will decrease. 

'5 Further, even after the voltage applied to the electrode is removed, there will be a residual electric charge for a long 
period of time, and the paper will remain adsorbed, so that it is not preferable. On the other hand, if the dielectric 
constant is below 3.0, the electric charge on the belt surface will be insufficient at the time of voltage application, and 
the power of adsorbing paper will be insufficient, so that it is not preferable. 

[0098] In order to make an adjuslmenl so that the electrode protective layer may have a predetermined specific 
20 volume resistance and a predetermined dielectric constant as described above, it is preferable to suitably mix powder 
of electrically conductive material and/or a high dielectric material or metal ions exhibiting the ion conductivity, with the 
resin constituting the electrode protective layer. 

[0099] Here : carbon powder, graphite, metal powder, metal oxide powder, metal oxide subjected to electrical con- 
duction treatment, an antistatic agent, and others may be mentioned as the electrically conductive powder used for 

25 adjusting the specific volume resistance of the electrode protective layer, and at least one or more kinds of electrically 
conductive powder selected from these are used in accordance with the purpose. The amount of addition of the powder 
of electrically conductive material is suitably set by the specific volume resistance of the intended electrode protective 
layer. However, typically with respect to the total volume that forms the electrode protective layer, 2 to 50 vol% are 
preferable, and 3 to 30 vol% are more preferable. The size of the article of electrically conductive material is suitably 

30 selected in accordance with the purpose; however, those typically having an average particle size of at most 50 u^m 
are preferable, and those having an average particle size of at most 10 urn are more preferable, and those having an 
average particle size of at most 1 jam are still more preferable. 

[0100] Further, powder of inorganic material having a dielectric constant of at least 50 is used as the high dielectric 
constant powder used for adjusting the dielectric constant of the electrode protective layer and, for example, titanium 

35 oxide, barium titanate, potassium titanate, lead titanate, lead niobate, titanate zirconate, powder of material having 
magnetism such as ferrite : and others may be mentioned. More preferably an inorganic material having a dielectric 
constant of at least 100 is preferably used and, for example, barium titanate, titanate zirconate, titanium oxide, and 
magnetic powder may be mentioned. The shape of the particle of high dielectric material is not particularly limited; 
however, it is for example spherical, flake-shaped, whisker-shaped, or the like, and at least one or more kinds of high 

40 dielectric constant powder selected from these are used in accordance with the purpose. Also, the size of the particle 
of the high dielectric material is not particularly limited, but if the powder is spherical, those typically having an average 
particle size of at most 50 urn are preferable, and those having an average particle size of at most 10 u.m are more 
preferable, and those having an average particle size of at most 1 jim are still more preferable. If the powder is whisker- 
shaped, those having a length of at most 50 urn and a diameter from 0.5 to 20 um can be used. Further, the addition 

■*5 amount of the powder of high dielectric material is suitably set by the dielectric constant of the intended electrode 
protective layer, but typically 5 to 50 vol% are preferable, and 10 to 30 vol% are more preferable. 
[0101] The ion conductive metal salt to be added for adjusting the specific volume resistance of the electrode pro- 
tective layer may be, for example, LiF, LiCI, LiBr-nH 2 0, LiSCN, NaCI, NaBr, Nal, NaSCN, KCl : KBr, Kl, KSCN, or the like. 
[0102] Two or more kinds of different films can be constructed into a plurality of layers as the electrode protective 

50 layer. For example, by using a resin having a high hardness only in the outermost layer among the plurality of layers, 
the surface property can be changed alone while maintaining desired characteristics such as elastic modulus. 
[0103] On the other hand, the thickness of the electrode protective layer in the present invention can be arbitrarily 
set in accordance with the thickness of the electrode protective resin film and its winding number. The winding number 
is preferably at least two. The thickness of the electrode protective layer obtained in this manner is preferably at least 

55 50 jam and at most 200 urn. If the thickness of the electrode protective layer is less than 50 jam, there will be insufficient 
breakdown voltage of the electrode protective layer. On the other hand, if the thickness of the electrode protective layer 
is more than 200 pm, it is not possible to obtain a sufficient adsorptive power to the medium. 

[0104] Next, one example of the production method of the medium conveying belt 40 of the present invention will be 
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to J2 7 7 7 baSiS ° f draWin9S ' n ,he mediUm conve V^9 bel, such as shown in Fig. 1 3 according 

If he ElTf 11 T ^ eleCtrica 'l Conduct ^ Electrode pattern 44 can be formed on one surface of one e d 

d in ° H f 3 P °' ymer matenal 42 S6rVin9 3 base made 0f a laminate fllr " having a thermoplastic resin layer 

metho or 777 " b ° th S , UrfaCeS ° f 3 nontherm °P' astic -sin «"» prepared by ,he extrusion method, the caslg 
method, or the like, or a thermoplastic resin film, as shown in Fig. 14 

£ 1 !SL J!* T ° f ' he K electrode pattern 44 is P rovided to extend the whole length in the width direction of the film 
42 except for he end where the voltage is applied. In the length direction of the film 42. it is disposed to have one 
circumferential length of the outer circumference when the film 42 is wound around the axial core The thickness of 
the electrode pattern 44 is from 2 to 30 urn, preferably from 5 to 20 urn, when one takes into account the uneven ess 

are Z h 7 ^ * ■ eleC,r ° de Pattem ^ fte line Width and pitch of the electrode pattern 14 
are arDitrary, and can be set in various ways. 

oTand iZ7r!*Z 9 1 ° R k 1 5 ' 'J 0 P r ^ determined electrode P attern 44 ■» constructed so that its ends alternately extend 
out and the voltage can be appl.ed. The method of forming the electrode pattern 44 on the film is not particularly limited 
For example, ,f an electncally conductive metal is used as a material for the electrode pattern 44 it is const ucted by 
bv^ d h r hiCh h th : T7 IS ^ none,ectro '^ plat ^ on a thermoplastic resin „,m or a famina Z aI 

oLpH Z 7 * 7 7 f " m 42 jS SUbJ6Cted l ° e,ectro| y" c P^9 and then the pattern is formed by etching the 
plated metal except for the needed portion; by the method in which an electrically conductive paste made of Jive? 

X^cZ :-,h arb0n i TrT iS SCreen - printed on the surface " a PV the method inThichle suiS 
etchTna bv the m ,7" '° ° r * ™7 f j ' m SUCh 35 aluminum ° r co PP er a " d '"en the pattern is formed by 
2£.r m 3 ^ SUCh 33 a ' UminUm " va P° r - de P° si ted via amask having a predetermined 
pattern formed thereon to form ,t into the predetermined pattern; or the like method. The electrode pattern 44 is not 
l,m,ted to the illustrated shape, so that for example ft can be formed in a comb-teeth shape and a pattern can be made 
ZToZT ^ PattSrn " an ° ther P8ttern With 3 SpaCe - How -er P other ele'ctrode patternTcan 

[0107] The film 45 with an electrode pattern obtained as described above is wound to form a tubular object by a film 
t is wound around an ax.al core 46 at least two times to form the tubular object 40. In doing this, it is preferable to set 

^ t rir a fco" 

[0108] Further, referring to Fig. 1 7, an electrode protective layer 48 is formed on the outer circumferential surface of 
the tubular object 40 on which the electrode pattern 44 has been formed, whereby the electrode pattern 1 it protected 

Z7-^Z 7 ^ 

an !; no Tn 6 and m0Unt,nd the film °" the ™dium conveying belt winding means, foHowed by winding 

fh f rS 9 h 7 , 5 haVI " 9 thS el6Ctr0de Pattem ,0rmed ,hereon Alternatively, it can be formed by making 

wind inn and W * 7 "T f0rmed there ° n int ° 3 tUbular 0b j ect * a film *"*9 ™ans and subsequent 

winding and laminating a source film of the electrode protective layer thereon 4"enuy 

tnTenL^i? m °' d lubricant ' an adhesive ' ° r a ^^ce treatment agent besides this can be used as a matenal of 
7 ? th , e P :° tec ^ ve An electrically conductive electrode pattern is formed by screen printing o 

the like on this material before heating Since the electrode pattern is formed on a film serving as the material "can 

a desfon of W ' th r° dUCtiVity " hi9h ' AISO ' the Hfe ° f the apparatus is lo "9er than the life of the be and 

a design of a more economical apparatus can be made by using an exchangeable component as the belt For this 

SI S ^ 6leC f P0War supp 'V in 9 part ° n °"e side to cantilever a roll to facilitate the exchange of the belt and 
the like are conditions by which it can be easily accepted by a user, and for that purpose, disposing the electric power 
supplying part only on one side as well as other measures can be selected ng tne e.ectnc power 

J™!* th Regardin9 * he method of formin 9 the electrode protective layer 16, a film having an electrode protective layer 

e m film ^a " * f M amumS ™ ^ COre " * film Winding means t0 <°™ a °^ct and then a 

resm fi.m 56 serving as an electrode protective layer 48 is wound thereon for at least two times. In orde to prevenUhe 
shrft or wrinkle of the wound film 45 with the electrode pattern before starting to wind the resin film 56 serving as number 
48 rt is possible to perform a provisional fixation. The provisional fixation can be performed by welding the thermoplastic 
I Z f PP 7? 9 l ^ PeratUre trOWe ' on a portion of the wound film 45 with the electee pattern app.yng a ig^ 

3 f 7 alr app, y ,n 9 a hot »». ° r the like method. Alternatively, the provisional fixation can be made by fix! g 
the wound finishing end with a tape or the like. y 9 

fn Via 1 1 3 h ZTl7 ° f 7Z ed,Um COnVeyin9 bSlt aCC ° rding t0 the present inventi0 " ma V °e, besides the one shown 
Z Z film Z Z 7, 7 7 3 ' OP C ° at 50 f ° r Pr °' eCting the eleC,r0de pro, ec'-e .ayer 48 is further formed 
on the film 44 having the electrode pattern laminated on the outer circumferential surface and the electrode protective 

zv^:::7::7t? - , 1 8 As 7 top coat ,ayer ^ for exampie ^ an aikaii -i S tan« cT,: tjz ^ 

ll, i ll 7^7 7 7 50 C3n bS ,0rmed ° n ,he inner circumferential surface of the tubu.ar object as 

well as on the outer crcumferentia. surface of the electrode protective layer 48. By applying the same material qua,?* 
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as the top coat layer 48 to the inner circumferential surface of the tubular objeci : a resin layer having almost the same 
thickness can be formed to obtain a medium conveying belt having little warp. 

[0112] Referring to Fig. 19, the tube 54 is attached in an attachable and detachable state to the axial core 46 of the 
film winding means 52; the tubular object 40 having an electrode pattern formed thereon is attached to the tube 54: 

5 the tube 54 and the tubular object 40 are rotated together with the axial core 46: and the resin film 56 for forming the 
electrode protective layer (hereafter referred to as the electrode protective resin film 56) is wound on the surface of 
the tubular object 40. As to the material quality of the axial core and the material quality of the tube 54. the aforesaid 
materials can be selected. A release layer made of fluororesin or the like can be disposed on the surface of the tube. 
Referring to Fig. 20 : the electrode protective film 56 is wound while receiving a constant tensile force. It is sufficient 

10 that the tensile force imparted to the electrode protective layer resin film 56 is of a degree such that the film can be 
wound in close contact. In winding the electrode protective resin film around the tubular object 40 ; it is preferable to 
wind it under a reduced pressure atmosphere of at most 133 Pa, particularly under a vacuum of at most 0.1 Pa, because 
then air will not be entangled between the films. The electrode protective resin film 56 may be heat-welded in advance 
simultaneously with winding it around the tubular object 40 having an electrode pattern formed thereon; however it is 

is convenient if it is heat-welded after the electrode protective resin film is wound until it reaches a necessary layer 
thickness, in view of the management of the layer thickness and the management of the shape of the molded product. 
[0113] The heating temperature is at least the melting point of the electrode protective resin film and at most the 
melting point + 50°C ; preferably at least the melting point + 20°C and at most the melting point + 30°C. 
[0114] Here ; the axial core 46 for winding the film 45 with the electrode pattern or the protective film 56 is basically 

20 similar to the axial core used in the production method of the multi-layered endless belt, and an axial core 46 may be 
constructed in which an attachable and detachable tube 54 is attached to the axial core 46. The surface processing 
of the tube 54 and the axial core 46, the mode of imparting a heating function and others are the same as those of the 
production method of the multi-layered endless belt. 

[0115] Alternatively, the axial core 46 may be a single body without having an outer tube such as the attachable and 
25 detachable tube 54. In this case, the axial core 46 may be constructed with a material made of a conductor, or an 
electrical resistor may be formed on the surface of an insulator by plating, vapor deposition, application, or the like to 
construct a heater that generates heat by energization. 

[0116] Typically, if the linear expansion coefficient of each resin constituting the medium conveying belt 40 is too 
large as compared with the linear expansion coefficient of the axial core 46 or the attachable and detachable tube 54, 

30 it will be difficult to dismount the belt from the axial core 46 or the attachable and detachable tube 54. This is because 
the belt after cooling will strongly shrinks to tighten the axial core. However, in most cases, the linear expansion coef- 
ficient of resin is larger than metal. Therefore, it is preferable that the linear expansion coefficient of the resin for forming 
the belt is made as small as possible or the linear expansion coefficient of the axial core 46 or the attachable and 
detachable tube is made as large as possible. In the case where metal is used for the axial core 46 or the attachable 

35 and detachable tube 54, a metal such as aluminum having a comparatively large linear expansion coefficient is pref- 
erable. 

[0117] Further, it is possible to use a resinous axial core 46 such as a highly heat-resistant fluororesin. Also, if the 
linear expansion coefficient of the resin material for forming the belt is large, an additive for reducing the linear expansion 
coefficient may be added to the resin material as long as it does not deteriorate the toughness or the insulation char- 
ge acteristics of the material. For example, a clay substance, a mica substance, glass short fiber, and various whiskers 
may be mentioned. 

[01 1 8] As another mode of the production method of the medium conveying belt of the present invention , for example, 
an electrode pattern 62 may be formed for one circumferential length of a tubular object at one end on one surface 
and at the other end on the opposite surface of a laminate film or a thermoplastic resin film 64, as shown in Fig, 21 , to 

45 prepare a film 60 with an electrode pattern. 

[0119] The position of the electrode can be calculated from the thickness of the film and the outer diameter of the 
axial core. Further, if the front surface pattern and the rear surface pattern are to be connected, a through-hole can be 
formed to establish an electrical conduction with the use of a metal paste or solder. Furthermore, an electrically con- 
ductive thread-like object or film-like object can be connected to penetrate through the belt or to go around an end of 

50 the belt to establish the electrical conduction. 

[0120] In this case, the film 60 with an electrode pattern is wound around the axial core 48 at least two times so that 
one electrode pattern 62 forms the outermost circumferential surface and the other electrode pattern 62 forms the 
innermost circumferential surface, as shown in Fig. 22. The subsequent steps are the same as in the case where the 
electrode pattern is formed only on one side. By allowing electric power supply from the electrode pattern on the inner 

55 side of the tubular object, the electric power supply mechanism can be disposed on the inner side of the medium 
conveying belt, thereby contributing to the scale reduction of the equipment. 

[0121] Besides the modes shown in the drawings, for example, a film with an electrode pattern can be prepared by 
forming the electrode pattern for one circumferential length of a tubular object, for example, on a portion around the 
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center on one surface of a laminate film or a thermoplastic resin film | n , njs casp th . fjlm with tha a . , M 
serves both as a tubular object of the base of the medium convevina Jh inn 1 , „ electrode pattern 

words, the outer circumferential surface of The J£Z£ pattern can be Tl T t ,ayer ,n ° ther 

by winding the film with the electrode pattern ^Sa^l coT* ti^ ZllxT^S ^ 

comes to the inside. According to this mode it is not necessarv to fZZT f l electrode pattern 

layer, and it can be subjected to the nrtUXZIk ^ " ^ M 

around the center on the one surfarp k wn. mH f Q , A *u , ne eieciroae pattern disposed at a portion 

is formed on the film, furthe" drilling h ~ Z h 'e endS bett SSTh JT* * r^'"* e ' eClr ° de 
have a length different from that of the protec Z .aye i a SeoSon TJrZlTV^ ^ °' M ' n9 * t0 
the belt, or further processing an end of the endless bel so S T C ' rCUmferen,ial direction ° f 

surface of the protective layer In the Fioure 7? f= ,? t power can be supplied from the opposite 
. --no for connecting a ^ ^ ^ ^ * " 

pattern such as s tto„„ ZZ^ fn Ro « for K„ ~ ? T. " P "" eC ' TO ' aVe ' on which «" 

a protective layer lor protectine th. „rn. " having an alaclroae pattam lormed thereon and 
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such that a notch is disposed in the tubular object in order to facilitate the bending at this time, or the width of only the 
patterned portion is increased in forming the electrode pattern on the polymer material as shown in Fig. 35. thereby to 
reduce the thickness for allowing it to have flexibility for facilitating the bending. Further, for disposing the electric power 
supplying part only on one side, it is possible to use a polymer material in which an electrode pattern such as shown 
5 in Fig. 24 is formed, to dispose the electric power supplying part only on one side., as shown in Fig. 36. For this purpose, 
it is preferable to use a material of the protective layer such as shown in Fig. 37; however the insulating part can be 
formed later. 

[0130] The end can be bent by disposing a notch 92 to facilitate the bending as shown in Fig. 38 and heat-pressing 
it with a hot roll, whereby one mode of the medium conveying belt of the present invention such as shown in Fig. 39 
io can be obtained. 

[0131] Still another embodiment 100 of the medium conveying belt of the present invention in which the electric 
power can be supplied from the inside of the belt is made of a base layer having an electrode pattern formed thereon 
and a protective layer for protecting the same : wherein the endless belt or the protective layer is a film on which an 
electrically conductive electrode pattern is formed on both or one of them : and a medium conveying belt 100 such as 
15 shown in Fig. 40 in which the electric power is supplied from the inside of the belt is produced by processing the film 
into a tubular object shape by a film winding means and then drilling a hole through the tubular object before the heat- 
welding step or after the heat-welding step or by allowing it to have a length different from that of the protective layer 
in the direction perpendicular to the circumferential direction of the belt, or by further processing the end of the tubular 
object. 

20 [0132] The medium conveying belt 100 of the present invention is as follows. The belt having an electric power 
supplying part on both sides and on one side, such as shown in Figs. 41 or 42 : has a structure in which the electric 
conduction to the electric power supplying part is established via the base layer. For example, Fig. 43 shows that an 
electrically conductive electrode is formed from the opposite side of the protective layer after drilling a hole in a patterned 
portion and an electrically conductive substance 1 02 introduced into the drilled opening part 84 establishes an electrical 

25 conduction to form the power supplying part 104. Fig. 44 shows that an electrical conduction is established between 
layers by passing an electrically conductive fiber 1 06 therethrough and further an electric power supplying part 1 04 is 
formed. It is effective to use also an eyelet hole or a stapler (Hotchkiss) if it penetrates through the layers and has an 
electric conductivity as described above. The numeral 1 08 is an electrical conduction part, 11 0 is a tubular object and 
112 is a protective layer. 

30 [0133] Further, in the production method of the medium conveying belt of the present invention, the medium con- 
veying belt can be produced by further winding a resin film around a tubular object made of a polymer material in which 
an electrically conductive electrode pattern is formed on the outer circumferential surface, forming an electrode pro- 
tective layer and then, in the heat-welding step, covering the outermost circumferential surface of the object on which 
the resin film is wound, with a tubular cover bag having a flat inner surface, applying a high pressure to the cover bag 

35 by bringing the inside of the cover bag into a reduced pressure state, and heat-welding the resin film in the pressurized 
state. 

[0134] Here : in the medium conveying belt of the present invention, it is preferable that the surface roughness Ra 
of the outermost circumferential surface of the medium conveying belt is at most 0.5 ujm, preferably at most 0.2 ujn, 
in view of the purpose of allowing the belt itself to be electrically charged and conveying the medium while adsorbing 

^0 it by the electric charge. Further, the surface roughness Rz is suitably at most 2.0 urn, preferably at most 1 .0 u.m, more 
preferably at most 0.7 jam. In the case where the surface roughness Ra is larger than 0.5 urn, the contact area between 
the paper and the outermost circumferential surface of the medium conveying belt is reduced to decrease the effective 
area of adsorption, so that the adsorptive power decreases. Also, in the case where the surface roughness Rz is larger 
than 2.0 pm, the contact area between the paper and the outermost circumferential surface of the medium conveying 

^5 belt is reduced to decrease the effective area of adsorption, so that the adsorptive power decreases. 

[0135] From the above, in order to produce a medium conveying belt having the aforesaid surface roughness by 
utilizing the fact that the roughness of the inner surface of the cover bag is transcribed onto the resin film on which the 
electrode protective layer is to be formed, it is preferable that the surface roughness Ra of the inner surface of the 
cover bag is at most 0.5 urn, preferably at most 0.2 u. m. Further, the surface roughness Rz is suitably at most 2.0 um, 

so preferably 1 .0 fim, more preferably at most 0.7 u.m. 

[0136] Here : the term "surface roughness Ra" in this specification is a value obtained in accordance with JIS B0601 . 
More specifically, the value obtained by the following formula is represented in um units when a sample is cut at a size 
of 30 mm length x 3 mm width from a test material and measured with a surface roughness measurement device 
SE3500 (manufactured by Kosaka Kenkyuusho Co., Ltd.), a chart is drawn with a cut-off of 0.8 mm and a feeding 

55 speed of 0. 1 mm/S, a portion having a standard length of L is drawn out, and the surface roughness curve is represented 
by Y = f(X), where the X axis is the central line of the drawn-out portion and the Y axis is the vertical direction. 
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[0137] This measurement is carried out for three pieces with the standard length (L) of 2.5 mm and the surface 
roughness is represented by the average value. surrace 
[0138] Actually, this value is obtained by the surface roughness analyzing system SE3500 (manufactured by Kosaka 

by e «o withth? ° rf " ° the : hand ' thS , t6rm " SUrfaCe r ° U9hneSS RZ " in thiS Sp6Cificati - is als ° a valueobSn d 
a IZtZ* ' hk su rface roughness analyzing system SE3500 (manufactured by Kosaka Kenkyuusho Co., Ltd ) 
a value measured by the surface roughness measuring device SE3500 (manufactured by Kosaka Kenkyuusho Co 
Ltd.) in accordance with JIS B0601 . Specifically Rz is a value obtained by determining a sum of an average value of 
the absolute values of the heights from the highest summit to the fifth summit and an average 

oomon I h '"I 8 ' OWeSt b ° tt0m 10 the b ° tt0m 35 meaSUred from the —age line of he drawn o ! 

sal,. a , ' r h ° f VertiCa ' ma 9 nification - and representing this value in „m units The adjustment o the 
sample and other conditions are the same as in the case of the surface roughness Ra 

wil. S J!T? !? pr ° dUCtion method of tnis medium conveying belt, an embodiment of the heat-welding step 

thereon ?s P ^ H , h , "T"" l ° ^ * * & ^ 8 *" haVing an e,ectrode P-""" d ^osed 

thereon .s made ,nlo a tubular object 126 with the use of a tube 124 mounted on an axial core 122 of a medium 

outeTcZmtr din9 r h e T S 12 °' th6n ^ e ' eCtr0de PmteC,,Ve fi ' m 128 iS lami " ated hereon. The^fter to te 
outer c rcumference. a tubular seamless cover bag 130 in which the surface roughness Ra of the inner surface that 

iZ7Z e : reSm 51 " PreferablV 31 m ° St 0 5 ^ iS attaChed ' and the inside «* ». cover bag 130 is brough 
Loohcd to Z TT* T e< iS heat " welded in a state in «*W « gas pressure higher than the inner surface is 
applied to the outs.de of the cover bag 130. In the above, the surface roughness Ra of tho inner surface of the cover 

at LTpn 9 V a K, m ° St 02 ^ A ' SO ' thS SUrf 306 rOU9hneSS R2 0f the inner surface ° f «» ^ver bag is suitably 

a hToher 1» ' P ,T" t m ° St 1 «° ^ FUrther ' " iS PrSferab,e " ,hS COVer ba 9 130 has ™ bb * r elasticity and has 
a higher melting point than the resin film. 

[01 40] The cover bag 1 30 in the present invention can be made by the press-molding method using a heat-resistant 
oound anH th " T " f ' UOr0resin a tubular female mold is loaded with a resin com 

nr.lt h reSm C ° mp ° Und ,S pressed with a ,ubular male ™ ld whose circumferential surface is finished into a 
ontotn! m ' rr0r f SUrf aC ?- ThiS a " 0WS the Pattem °" the "referential surface of the male mold is transcribed 

°Slf ? C ' rC " mfere " ,lal surface of the opined cover bag to realize the intended surface roughness of the inner 
circumferential surface. Of course, the production method the cover bag is not limited to this a.one 

Sal is abSeThl aZ^h^ 6 ^ '* "^ced-pressure state, it will be effective if the pressure of the atmosphere 
f rom 49^000 to 3 5St « ,r Ure: W6Ver ' 11 iS Pre,erab ' e tha * the 938 preSSUre of the atmosphere is preferably 
ZZTr, h i ♦ , 6 985 PreSSUre ' S ab0Ve 3920000 Pa ' a P ressure "g^nass of the apparatus will be 

needed, disadvantageous^ leading to an expensive apparatus W 

£1*1 T ? SUCh 3 COVSr 639 h3Ving 8 flat inner surtace ' P^ferably with a surface roughness Ra of at 

7~ I h ^ ; , 6 roU9 SS ° f inner SUrfaCe ° f the COV6r bag is transcribed onto the resin film that oi l 

Z^E^tT-V™ r ° U9hneSS ° f thS 6leCtr0de Pr ° tective ,ayer surface can be -duced, and Sep 
difference between the winding starting end and the winding finishing end of the resin film that forms he electrode 
protection can be less than 50% of the thickness of the resin film eiectrooe 

ml mLl te , r el6C K°f Protective resin film 128 is heat-welded and integrated to form a medium conveying belt 
the medium conveying belt ,s taken out together with the tube 124 from the axial core 122, and thereafter the medium 

7sTS,ZlT a XlT m tUbe ,0 ° bt8in 8 mediUm C ° nVeying be,t having af1 elect r° d * ProteSIisT laye" 
128 formed thereon. W.th the use of such an attachable and detachable tube, the processing operations such as 

Tn its obi anddetaCh h menl ° f the base ma 'oria. can be facilitated. The obtained medium conveying beffcan be used 
in its obtained size or by cutting it for a suitable dimension adjustment 

Tr£l n F T he ',' prodUCti ° n mSth0d Can bS apP ' ied alS ° t0 ,he Production method of a belt fabricated by winding 

scl io b" e , K a " d " Wi ll ^ 6387 10 redUCe SUrfaCe r0U9hneSS « f0r exam P'- an intermediate S- 

scnption belt of an electrophotography apparatus, which is another embodiment 

fuIS « iTi 3 mUltMay ° red f ndless belt molding apparatus capable of molding a multi-layered endless bolt and 
\TZ m h ed,um iH COnve y ,n 9 belt according ,0 the present invention will be explained on the basis of the drawings 

avered JdLThl',^ TT* °' ^ mUl,i -' ayered endleSS belt according to the present invention can mold a multi- 
layered endless be t; further ,t can mold a medium conveying belt, in which an electrically conductive pattern is disposed 
on Us outer circumference by a method such as printing, vapor deposition, etching, or plating P 
[0147] In the molding apparatus of the multi-layered endless belt and the medium conveying belt of the present 
invention, the method of forming a tubular object of the multi-layered endless belt and the medium , conveying beff by 
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the aforesaid film winding means may be any of the previously described production methods of the multi-layered 
endless belt and the medium conveying belt. 

[0148] The multi-layered endless belt and the medium conveying belt described above are molded by heat -welding 
a wound material film; however, one embodiment of the multi-layered endless belt molding apparatus for the heat- 

5 welding step is a heat-pressurizing apparatus 1 50 such as shown in Fig. 46, and collectively heat-pressurizes a wound 
source material film. Hereafter, a specific method of heat-pressurization using this apparatus will be exemplified. 
[01 49] A tubular cover bag 1 54 having a size such that the outermost circumferential surface of a film for an electrode 
protective layer is completely covered is attached, and is allowed to cover the whole of a tubular object 1 52 constructed 
with a film with an electrode pattern and the film for the electrode protective layer that are wound around an attachable 

10 and detachable tube 158 in an axial core 156 constructed with an axial core main body 155 and the tube 158. Next, 
the inside of the cover bag 1 54 is brought into a reduced-pressure state via a degassing hole 1 60. Namely, the degassing 
hole 160 is a hole for bringing the inside of the space 164 surrounded by the axial core 156, the cover bag 154, and 
the inner wall 1 62 which is in contact with the cover bag 1 54, into a reduced-pressure state, and is a place for mounting, 
for example, a suction device or the like. This allows a pressure higher than the inner surface to be applied to the 

'5 outside of the cover bag 1 54 by atmospheric pressure. Alternatively, air, water, or the like can be press-supplied through 
a hole 1 66 to pressurize the cover bag 1 54 from the outside. 

[0150] The cover bag 154 need not necessarily be tubular; however, it is preferable to use an endless tubular body 
also for the cover bag 154 in order to finish the surface of the molded electrode protective layer without unevenness. 
[0151] The cover bag 154 preferably has a flexibility such that the pressure from the outside can be made uniform. 
20 From this viewpoint, the cover bag 154 is preferably made of resin; however, it is not limited thereto. It is important that 
there is no deterioration caused by heating, and a cover bag made of a heat-resistant rubber material such as a silicone 
resin or a fluororesin is especially suitably used. 

[0152] Further, in order to efficiently remove air remaining between the wound films and to effectively cause press- 
bonding of the films with each other, it is preferable that the space 1 64 surrounded by the cover bag 1 54, the tube 1 58, 
25 and the axial core main body 155 is brought into a reduced-pressure state; however, the processing is possible even 
by pressurization from the outer surface alone. 

[0153] Further, in another mode, the heat-welding step of the wound tubular object is carried out by setting a device 
170 such as shown in Fig. 47 into, for example, a pot body having an autoclave-like shape and by uniformly heating 
it with circulating hot air or the like. 

30 [01 54] A degassing hole 1 78 for reducing the pressure is mounted to the axial core 1 76 composed of the axial core 
main body 172 and the thin metal tube 174. A tubular cover bag 182 such that the outermost circumferential surface 
of a film 1 80 for an electrode protective layer wound around the axial core 1 76 is completely covered is attached, and 
is allowed to cover the whole of the film with the electrode pattern and the film 1 80 for the electrode protective layer 
that are wound around the attachable and detachable tube 1 74 of the axial core 1 76. Next, both ends of the cover bag 

35 182 are strongly clamped with a clamping tool 184 such as a metal belt, and a glass wool is allowed to bite on the 
pressure-reducing degassing hole 178. The medium conveying belt of the present invention can be produced also by 
putting this device 170 into, for example, a vacuum pressing apparatus or the like and, while reducing the pressure 
via the pressure-reducing degassing hole 1 78, heating the inside of the device such as the vacuum pressing apparatus 
while bringing it into a pressurized state. 

40 [0155] In the above-described construction, the heating temperature must be such that the it is heated up to the 
temperature necessary for both the thermoplastic resin layer or the thermoplastic resin film for forming the resin tubular 
object and the resin for the electrode protective layer to be softened and welded. Therefore, the heating temperature 
is set above the softening temperature of the resin having a higher softening point between the two resins. However, 
if the temperature is too high, the resin will be deteriorated, so that an appropriate temperature must be found out. 
Also, the temperature needed for sufficient welding differs to some extent depending also on the applied pressure, so 
that an appropriate temperature can be found out by performing a preliminary experiment, for example, which is per- 
formed by laminating the material in a flat plate shape on a flat plate pressing apparatus or the like, pressing it under 
various conditions used as parameters of the temperature, pressure, and time, and observing the welded state and 
the degree of deterioration of the resin. 

50 [01 56] These works are preferably performed under a clean atmosphere in order to prevent contamination of foreign 
substances that inhibit the electrical characteristics, and are preferably performed in a clean room. 
[0157] Another embodiment 1 90 of the molding apparatus of the multi-layered endless belt according to the present 
invention will be shown in Fig. 48. 

[0158] The apparatus according to the present invention is an apparatus having a basic construction with a multiple 
55 tubular mold made of a hollow or solid axial core (1 92, 1 94) and an outer tube 1 96 surrounding thereof, and an elastic 
body 198 that partitions the space between the axial core and the outer tube, wherein the spaces on the axial core 
side and on the outer tube side with the elastic body lying therebetween (hereafter respectively referred to as space 
a and space b) are independently capable of being subjected to pressure reduction and/or pressurization. 
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h° a ? a 9 l, Tt ! e a P pamt " S . 190 wording to the present invention has the aforesa.d basic construction as a basis and 
as follows 6 ' n Vari ° US WaVS - dStai,S Characte -<- °< the apparatus of the presenHnvenTn are 

Lndfloo" 1 appa *? tus ° f PreSem invention - there is one ^ which the axial core is made of an axial core mam 

°J y ( f an ? an t" d ' eSS tUbe 194 made of a thin metal such as staintess steel (hereafter abbreviated * a SUS 
mcke (hereafter abbreviated to as Ni). steel, copper, or aluminum (hereafter abbreviated to Al). or an aNoy thereof or 

f0 67Tft a el r d^ S . U< ; a ^° ,yin ; ide h Which is attachab| y — detach** fitted onto the axial core main body 1 92 
! , I J J UbS f,Ued ° nt0 the axial COre main bodv is a metal tub e- it is preferable that the thickness is at 

east 0.05 mm and at most 3 mm, preferably at least 0.15 mm and at most 2 mm. Also, if i, is a hJ2J2223TiS 

fhl!n 1 6 ? dle f S tUbS 1 94 fitt6d ° nt ° the af ° reSaid a,tachab| e and detachable axial core main body determines 

the ,nner diameter d.mension of the molded endless belt 200, and can be made at a lower cost than each of Z molds 

Lh Jh m « ' aX ' al ° 0re h3S SUCh 8 constructi °^ " can be easily mounted or dismounted in a stateVn 

wh,ch the f,lm serving as the source material of the endless belt is wound around the endless tube 1 9 7and also^he 
source material film forthe endless belt can be prepared for winding and the endless be., having competed the moW^a 
can be eas.ly taken out by mounting the aforesaid endless tube 194 on a tubular or cyli c ^ a« 

LTar"eoVer: t aXia, ff COre mai ?° dy ™' ^ ^ ^ «U^^S^ 

^zs^sssr e apparatus main body can be raised - which is effec,ive <™ the :L ^ * 

KSLd'^dZ tuTJ 1 S 94° f ^ PreSem inVenti ° n ' 3 ' ayer haVin9 Sm °° thneSS be d ' S " 0Sed - tbe °' the 

2s l Hl GS] H F "!l her ' in | he f ap P aratus of the P resent ™ention, " the axial core main body 192, a heat source 202 can be 
deposed ,n the ins.de of a hollow or solid axial core main body as shown in Fig. 49, or a hea, source 204 and a coolina 
mechanism 206 can be disposed in the inside of a hol.ow axia, core main body 192 as shown ,n Rg 50 and 51 

fhe sulce 'he 8 h C ea b t°o d f y th aye f r " ^ Z*™" * e °" ^ b °^ By a -yr of eTas' body on 

94 to make »h. W a t 7 heat sources 202, 204 can be uniformly transmitted to the aforesaid endless tube 

- ^condLo^ 

Sle (Fias^Tand^ If T T inVenti °:' ^ ^ COre mai " ^ 1 92 Ca " be made expandable and con- 
tract ble (Figs 52 and 53). If the ax.al core mam body is not expandable or contractible. the relative dimension of the 
ax.a. core mam body 1 92 and the endless tube 1 94 of SUS or the like ,o be fitted thereon must have an kernel h oh 

35 n eC 'ioT' 3 h6 , aXial , C ° re mai " b ° dy 192 ' the axial COre for the P reliminar V ^t-up procedure an Tthe^ndtess 
! , Pr TZ d m 3 ' ar9e nUmb6n 9 "^confonmingcombination is produced, thereby gen eratingTnconvenience 
n order to resolve this .t ,s suitable if the axial core main body 1 92 is expandable and confractible. nCOnWemence - 
[0167] The expandable and contractible axial core main body may be, for example, 

T^Z^iTs. a 4 Spira| - Shaped Plate -" ke ™ mber and ^ -P-dab.e and contractible by application 
iniide^S 3 n ° tCh bei " 9 eXpandab ' e and con,ractible b y '^ing a wedge-like form in and out from the 
(3)one sectioned and having overlapped taper-like cross sections of the sectioned parts to be expandable and 
contract,b,e by increasing or decreasing the diameter of the whole by e^^a^^l^Z^X 

itiTnlH 31 6X , andS ° rC0ntracts by bei "9 sub i ected to Pressure reduction or pressurization from the inside of the 
sectioned axial cores via an elastic body: Fig. 55. 



so 



55 



[0168] Here, ,n the Figures, 193 is an axial core, 216 is a supporting body of the elastic body for expandina and 

rnTio, ,? SeCti ° ned 8Xial C ° reS ' 218 iS an elas,ic bod y and 220 • ^al. sectioned par, ' 
[0169] If the axial core main body 192 is made expandable and contractible the close adhesion property between 
the ax,a, core mam body 192 and the endless tube 194 can bo raised. Here, the one in which a thin etasTc layers 
,s disposed or .the axia. core main body 1 92 is advantageous because it smoothens the contact beTeen the ill core 
Ztel'Z d T end ' eSS tUbe 1 94 FUrther ' " ,he thin elastiC bod V "y* 208 is a " e-as,ic body having an end' s 
wthout 5! u, n e IT*? treatment i° 9 haVin 9 Sm °° thness is P erf — d - *s ^rface, ,he endless be., can be mo de" 
TO 701 ^n h6 a Til SS ,UbS 1 94 ° f SUS ° r ,hS likS by a PP-P-tely selecting the molding conditions 

1 JS J a PP arat us of the present invention, there is one in which the shape of the heat source is made suitable 
and the heat source itself is used as the axial core. suitable 
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[0171] The one having such a structure has a simple structure and is advantageous in miniaturing the si7e of the 
apparatus as compared with the one in which the axial core and the heat source are constructed with different materials. 
[0172] The one in which the heat source is used as the axial core is. for example. 

5 (1 ) One in which at least one of the hollow axial core main body 1 92 and the thin plate tube 1 94 fitted thereon is 

constructed with an electrically conductive material, and which is constructed so that at least one of the axial core 
main body 192 and the thin plate tube 194 fitted thereon can be heated by an induction coil 210 disposed in the 
inside of the axial core main body 192: Fig. 56 ; 

(1) ' One which has the above-mentioned construction and in which uniform heating is made possible by making 
10 the inside of the axial core main body 1 92 into a hollow h ; enclosing a heat medium 212. and evaporating it at the 

time of heating: Fig. 57, 

(2) One in which the heat source is constructed with a self-heat-generating ceramic and the surface is covered 
with an insulating coat to make an axial core main body capable of generating heat by energization: Fig. 58. or 

(3) One in which an electrical conductor is constructed with an insulator such as an insulating ceramic such as 
15 alumina or zirconia, or heat-resistant glass, or various minerals such as marble, and an electrically conductive 

layer formed thereon, and further is covered with an insulating coat to make an axial core main body 1 92 capable 
of generating heat by energization: Fig. 58. 

[0173] Here : it is suitable if the insulating coat is various heat-resistant resins, glass, or various ceramics, in view of 
20 the using method of the present apparatus, and is suitably selected in accordance with the heating condition at the 
time of producing the endless belt. 

[0174] In the apparatus of the present invention, there is an axial core in which a cooling mechanism is disposed 
together with the disposed heat source: Figs. 50 and 51 

[0175] In any of the case in which the axial core is constructed with the heat source itself and the case in which the 
25 heat source is disposed in a hollow or solid axial core, it is preferable if it is one provided with a cooling mechanism, 
from the view point that the molding cycle of temperature raising - cooling can be made short, and an excessive heat 
history is not given to the source material film and the molded endless belt. 

[0176] In the apparatus of the present invention, the elastic body 198 for partitioning between the axial core and the 
outer tube is selected from the rubber materials whose material quality is a silicone rubber, a Teflon rubber a chloro- 
30 sulfonated polyethylene rubber, or the like, in accordance with the heat processing condition of the source material 
film 18 to be used for molding. 

[0177] Further, configutationally and dimensionally. there are: 

one in which the inner diameter of the elastic body is larger than the outer diameter of the axial core (main body 
35 and an endless tube of SUS or the like fitted thereon), 

one in which the inner diameter of the elastic body is less than or equal to the equivalence of the outer diameter 
of the axial core (main body and an endless tube of SUS or the like fitted thereon), 

one in which the inner surface of the elastic body (axial core side) is subjected to surface treatment having smooth- 
ness, 

-to one in which the inner surface of the elastic body is made flat to have a surface roughness of at most Rz = 2 (ujti) 

(Rz is a 10-point average roughness in the measurement range of 0.8 mm), and 
one in which a suitable unevenness is disposed on the inner surface of the elastic body, 

and a suitable selection is made in accordance with the surface property and the like required in the endless belt to 
*ts be molded. 

[0178] For example, if surface flatness of the endless belt to be molded is required, it is essential that the inner 
diameter of the elastic body at the initial state is less than or equal to the equivalence of the outer diameter of the axial 
core, and the surface roughness thereof is less than or equal to the required surface roughness of the endless belt, 
and if the source material film has tackiness, it must be one subjected to a surface treatment having smoothness. 

50 [0179] By applying a pressure via the elastic body, it is possible to apply a uniform pressure to the source material 
film and a completely integrated endless belt is obtained even if the source material film having unevenness in its 
surface is used. Further, if the pressure is applied via the clastic body 1 98, the clastic body presses the source material 
film 200 first, so that resin flowing can be prevented even if a thermoplastic resin film is used as the source material 
film, and an endless belt having a desired size is obtained without causing the thickness insufficiency of the end surface. 

55 [0180] In the apparatus of the present invention, there is one in which a member 214 for restricting the enlargement 
of the elastic body is provided between the elastic body and the outer tube (the aforesaid space b). 
[0181] The materials used for the elastic body 198 are all excellent in elongation, but with peated use, there occurs 
a decrease of elongation which is regarded as life span. It is not preferable to give an overloading elongation on the 
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eCion TesSnn n l fr ° m IT ^ * ^ Hfe Spa " " iS eff6CtlVe ,0 dlspose s "<* - member for an 

elongation restricting. Also, s.nce the minimum elongation of the elastic body 198 is needed the cycle time cvclina 

prortivit 6XtenSi0n C ° ntraC,i0n ^ Sh ° rt - WhiCh 18 Pref6rab,e ,r ° m the Vi6W ^ZZweZZ in 

5 L^SIucion^ « PPa f U ! 1 0 J Pr6Sent inVenti ° n ' th6re iS ° ne ' n WhiCh 8 POrti0n of the a * ial c ™ main body 1 92 has 
a protrusion 21 6 or step differences 218, 219, as shown in Fig. 53. 

I f 6CaU !f ° f the P resence of such a Protrusion 216 and step differences 218, 219, the endless tube 194 can 
be held at a predetermined position at all times in attaching the thin endless tube 194 made of SUS or the like fitted 
io m a ,° P m n C °T ain b ° dy 1 92 ' PreSSUre and tem P eratu '* conditions in molding and processing the source 

c^ct"^^ 

'5 dTschled F be, h ow: ^ aCMg * Pr6Sent ' nVenti ° n are USed accordina t0 the P"ced«» 

[0186] Further, in the endless belt production method of the present invention using the apparatus 1 90 accordina to 
the present invention, for mounting the source material film, there are two methods, one in which the axial^ore is sit 
m the apparatus after the film is wound around the axia, core (the main body and the thin tube Sed thereon) and the 

20 toZ Z " T P ' ale lUbe " m ° Unled l ° an aXia ' COre havi "9 lhe same dia meter as the axial core ma n 

thereof Z Z TT r * "T* ^ * Mn P ' ate tube haVina the — materia, film wound 

thereon is demounted and mounted to the axial core main body which has been already set in the apparatus, 

1) A source material film 1 99 is wound in a preliminaiy set-up procedure around a thin endless tube 1 94 made of 
metal or made of rosin fitted onto the axial core main body 1 92. 

2) The aforesaid endless tube 1 94 having the source material film 1 99 wound thereon is mounted on the axial core 
main body 92 At this time, the operation condition of the apparatus main body differs depending whether the 
inner diameterof the elastic body 1 98 is .arger than or below the equivalence ofthe outer diamLr of the axt. core 
of the^xTafcoT ^ diamet6r °' ^ 1 98 * b6 '° W the e « uiva,en ce °' the outer diameter 

First, the space between the elastic body 198 and the outer tube 196 (space b) is subjected to pressure 
reduction to form a gap between the elastic body and the axia. core, and then the aforesaid endless tube 194 
having the source material film 1 99 (200) wound thereon is mounted 

In the case where the inner diameter of the elastic body 1 98 is larger than the outer diameter of the axial core 
Since there is a gap between the elastic body 1 98 and the axial core, it is not necessary to reduce the pressure 
of the space b and the aforesaid endless tube 16 having the source material film 199 (200) wou^d thereon can 

lZ:TeLTor~ 9 3tm0SPheriC Pr6SSUre - ^ PrSSSUre " redUCed ' 3 lara - 9aP ™ - °— 

3) The space a is subjected to pressure reduction and air between the wound films 200 is removed 
In the case where the inner diameter of the elastic body 40 is larger than the outer diameter of the axial core 

the o~:< "tn SS ^ V 94 haVin9 S ° UrCe mat6rial fHm 1 " (2 ° 0) W0Und thereon is ™-ted by reducing 
the Pressure of the space b, ,t is sufficient to simply reduce the pressure of the space a. However in the case 

the'soac: ITT tU H 6 1 ^ haVinQ S ° UrCe materia ' fi ' m 1 " (2 ° 0) WOUnd thereon is ™ unted while ma Lining 
he SSI T„ atm ° SpheriC pressure - « js im P° rta "t thai the pressure of the space b is reduced before 
the reduction of the pressure of the space a, and it is necessary to take care so that the film having the elastic 
body 1 98 wound thereon is pressed to prevent it from becoming an obstacle in removing air beJeen the fHms 
The pressure reduction level at this time must be such that the relative pressure satisfies (pressure reducL 

5£i2"°V? P T Ure redUC ' i0n ' eVel ° f SPaCe 9) - FUrther ' " lhe inner diameler of lhe ela *> ic body 1 98 afthe 
nitia state ,s below the equ ivalence of the outer diameter of the axial core, it is important that the relative pressure 

Tt J^T ^rT'T^ S ° 98 1 ° SatjSfy (PreSSUre redUCti ° n ,6Vel 0f space b » P ress "re reduction level of space 
wound TLs PrSVentS e ' aStiC b ° dy 198 ,r ° m beC ° min9 an ° bstaC,e in removin 9 air b «tween the 

niltTr. whL G 6 iS P . reSSUrized whi,c maintaining the space to be under reduced pressure, and the wound films are 
unZiT PP V ' ng t ,0 W ° Und ,ilmS ' By pressurizi "9 the space b, the wound films 1 99 are given a 

telinlT 7,7 T b ° dy 198 and " 3 ,iX6d State ' ,hiS StatS ' * he fHmS are hea,ed 'or a prede- 
endTss be« 200 " ' pr6determined temperature, whereby the films are integrated and molded into an 

5) It is cooled while holding the aforesaid pressure 

At the any of time mounting the endless tube 194 having the source material film 199 wound thereon, air 
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between the films by reducing the pressure of the space a is reduced to remove, and at the time of taking the 
molded endless belt out, and the like, the temperature of the apparatus need not be an ordinary temperature, and 
it is convenient if the temperature is high as long as there is no inconvenience in the work and the resin and the 
adhesive that form the source material film to be used and the molded product and others do not cause inconven- 
5 iences such as deformation or deterioration heat, because then the molding cycle can be made faster and the 

productivity can be raised. 

6) The endless tube 194 remaining the molded endless belt 200 attached thereto is dismounted from the axial 
core main body, and then the endless belt 200 is peeled off from the endless tube 194. The space b is subjected 
to pressure reduction and the reduced pressure state of the space a is returned to the ordinary pressure to remove 
?0 the pressing force of the elastic body 198, and then the endless tube 194 having the molded endless belt 200 

attached thereto is taken out from the axial core main body 1 92. 

[0187] Since the endless tube 1 94 is made of a thin metal or made of resin, it is easily deformed by external force, 
and there will be a gap between the endless tube 1 94 and the molded endless belt 200, so that the two can be separated 
*5 easily. 

[0188] In the production method of the endless belt according to the present invention, it is suitable if air between 
layers of the wound source material films 199 (200) is removed under a reduced pressure condition of the space a 
being at most 76000 Pa, preferably at most than 1 0000 Pa, and they are integrated by heating in a state in which they 
are pressed and fixed via the elastic body 40 under the pressurization condition of the space b being a pressure of at 
20 least 1 01 300 Pa and at most 3000000 Pa, preferably exceeding 1 01 300 Pa and at most 2030000 Pa, more preferably 
exceeding 1 01300 Pa and at most 101 0000 Pa. By doing so, it is possible to produce an endless belt having no residual 
air. This eliminates voids, and can prevent or reduce the generation of electric breakdown by the applied voltage in 
the belt having an electrically conductive pattern 220 formed thereon later, and can prolong the voltage resistance life 
span to an enormous extent. 

25 [0189] Also, for example, in the case of producing a thick endless belt such as being 2 mm thick, the thickness of 
the source material film can be as thick as 0.5 mm; however, it is more suitable if a thin source material film such as 
having a thickness of 0.2 mm is used while taking care so as not to increase the winding number too much, because 
then it is easier to obtain an endless belt being excellent in the uniformity of thickness and the flatness of the winding 
starting and winding finishing portions. It goes without saying that, in the case of producing a thinner endless belt than 

30 the aforesaid ones, use of a thinner film than the aforesaid source material film is a condition to produce a good endless 
belt. Although this differs depending on the fluidity of the resin, it will be a good condition if the thickness of the source 
materia! film to be used is generally at most 1/3, preferably at most 1/5, of the thickness of the endless belt to be 
produced, and the winding number is at least 3 times, preferably at least 5 times. This is because, by using a film in 
accordance with the thickness of the endless belt to be produced and by suitably setting the winding number, endless 

35 belts having an arbitrary thickness, from thin endless belts to thick endless belts, can be produced, and moreover the 
thickness of the film can be made almost constant, so that the thickness of the obtained endless belt can be made 
almost constant. 

[0190] In the present invention, it is suitable if the surface temperature of the axial core of the endless belt molding 
apparatus is set to be higher by 30°C or more, preferably higher by 50°C or more, than the glass transition temperature 
40 Tg of a resin selected from the heat-resistant resins capable of being used in the multi-layered endless belts according 
to the present invention. 

[0191] Further, for example, in winding the source material film 199 around the attachable and detachable endless 
tube 1 94, uniform winding can be made without loosening of the wound films by allowing the source material films 1 99 
to be electrostatically charged and then winding them around the endless tube 194 because the source material films 
^5 199 wound around the endless tube 194 are brought into closer adhesion with each other by static electricity, so that 
it is preferable 

[0192] Next, still another embodiment of the multi-layered endless belt molding apparatus according to the present 
invention will be explained. 

[0193] A basic construction of this embodiment 230 is an endless belt molding apparatus 190 being constructed with 
50 at least a removable axial core and a heat-pressurizing device to which a barrier member is mounted, wherein there 
are two spaces that are partitioned by the barrier member between the axial core and the heat-pressurizing device, 
the axial core has an outer circumferential surface for winding the films, and the endless belt molding apparatus 1 90 
is provided with a pressure processing mechanism to the films via a heat processing mechanism and the barrier mem- 
ber. However, in addition to this, the axial core 234 attachable and detachable to the heat-pressurizing device 232 is 
55 a tubular or cylindrical structural body and has a structure and means for independently adjusting the pressures of the 
inner space c of the axial core 234, the space d from the outside of the axial core 234 to the barrier member 236 of 
the heat-pressing device 232, and the space e from the barrier member 236 to the inside of the heat-pressurizing 
device 232. and includes a structure and means for heat-processing the films 240. The spaces c, d, e are connected 
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to pipes 242, 244, 246 for adjusting the pressure, respectively. 

[0194] The apparatus of the present invention is characterized in that the axial core 234 is constm^H 

meable member. For this reason, the permeability is not hindered between 'the spaces c and mS" T 

o the permeable member, metals and ceramics can be mentioned as re P resenta^ ^ 

leaTtT' P ; e, , erab,y Permeab ' e mSmber h3S P ° reS a " d -era e Z-JS^^.^'K 

least 1 pm and at most 15 urn, preferably at least 3 urn and at most 10pm. If the average pore dfame^r is smaSer thi 
permeab,,ity wil, be poor and the effect of the prestation is unlikely to appear. „ th Average po^^S ~ 
the surface property of the endless belt that is in contact will be deteriorated or the endless belt will nThi JL 2 fZt 
eas.ly owing to the anchor effect, so that it is not suitable. The pores form the space c Als the IS 

« heating and cooling can be easily taken out by adopting a construction sue fhmboth ^^S^^S 
form a gap and the endless belt has pores at the contacting portions In other words after heatina La T Z 
to the difference in thermal expansion, the inner diameter ofthe endless contrac ed LTthe 

that their" ,he , C h ° re - At thiS tim ^ by P ressuri -"9 the space c from the axia. core sid "i, ^SSJ 

- ZlVIZ ° f ^ £ndleSS ^ 18 en,ar9ed by "» »~™ and the ^ can b'e S^SHS 

he he* iource So a ^f°/ P ^ Sent j nVention ' referrin 9 t0 60 ' * - Wible to construct the axia. core 232 with 
the heat source 250 .tself to prov.de a heater disposed in the inside of the tubular axial core. In the Figure number 

be mL 9 ? If S0UrCG - FU,1her ' 3 CGrtain POrti ° n Within ,he axial core 23 2 'ocatod in the furthlrTns^c can 
be made mto a coohng block 252. This is a heat transmitting block capable of passing a medium for coo inq andls 

^6 r s : a "fjr; tn : ntro ,ng and cooiin9 ' ,n the — ° f this 254 p is « tor 

256 , a p.pe for the coohng med.um. Further, by a.lowing the axial core 232 to have a tubular structure it is possible 
^^^S^ZT 3 CO ° ,in9 meCha " fem in the «* - - *PP-tus can be do^eTso 

[0197] In the apparatus of the present invention, regarding the aforesaid barrier member the material oualih, * 

7eZ e ^TiT::v:zT er mate r such as siiicone rubber - Tef,on ^ «^^ q s^ 

for mo^fon a! ? ,? accordance with tn e heat processing condition of the source material films used 

for mold.ng^ Also, morphologically, there are one in which the inside (axial core side) of the aforesaid ba rie member 

otherfaS t haVin9 S ™ 0thness . °~ * which the inside of the elaltf body fs ^SSSTSS 

ethejj, and ,t ,s su.tably se.ected in accordance with the surface property and others required in the^ndTess beff to be 

[0198] For example, if surface flatness of the endless belt to be molded is required it is essential that the surtax 
(1) A source material film is wound around an axial core 234 in a separate step 

ZllZ^T:^ aXia ' COrG ^ haVin9 th ° S ° UrCC matCria ' fMm W ° Und thcreon is ™"ted to a heat- 
At this time, if the pressure of the space e is reduced, a larger gap is obtained to produce a better workabilitv 
The pressure reduction may be carried out but it need not be necessarily carried out workability. 

a?r^ T e?w:rnThe e Z^ U m S ed ^ "" ^ ° «« * " * ^ <~ -ate, *> remove 

(4) The films are heated while maintaining the pressure reduction of the space c and space d and pressurization 
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of the space e. 

By pressurizing the space e, the wound films are given a uniform pressure via the barrier member 236 and 
are in a fixed state. In this state, the films are heated for a predetermined period of time and at a predetermined 
temperature, whereby the films are integrated and molded into an endless belt shape. 
5 5) The films are cooled while maintaining the pressure reduction of the space c and space d and pressurization 

of the space e. 

At the time of mounting the axial core 234 having the source material film wound thereon, when the pressure 
of the space c and the space d is reduced to remove air between the films, and at the time of taking the molded 
endless belt out ; and the like, the temperature of the apparatus need not be an ordinary temperature, and it is 
10 convenient if the temperature is high as long as there is no inconvenience in the work and the resin and the adhesive 

that form the source material film to be used and the molded product and others do not cause inconveniences 
such as deformation or deterioration of state by heat because then the molding cycle can be made faster and the 
productivity can be raised. 

(6) After the cooling is ended, the space d and the space e are returned to ordinary pressure and the space c is 
15 pressurized. 

[0201] At this time, by pressurizing the axial core 234 from the space c side, the molded endless belt is enlarged by 
pressure and peeled off from the axial core 234. Namely, the pressure of the space d and the space e is reduced and 
returned to ordinary pressure to remove the pressing force of the barrier member 236 , and then the space c is pres- 
to surized from the axial core 2 side to peel off the molded endless belt from the axial core 234. Thereafter; the endless 
belt is taken out together with the axial core 234 from the heat-pressurizing apparatus 232 to obtain the endless belt. 
[0202] Further, in the method of producing an endless belt having a desired size and characteristics using the ap- 
paratus according to the present invention, the axial core 234 is mounted in an attachable and detachable state to the 
axial core disposed on the rosin film winding apparatus; the source material film is wound around the axial core 234 
25 while giving a tensile force; then the axial core 234 having the source material film wound thereon is mounted on the 
apparatus of the present invention; air between layers of the wound source material films is removed by reducing 
pressure; then a uniform pressure is applied to the wound source material films via a barrier member 236 formed with 
an elastic body; the wound source material films are heated and integrated in a fixed state to obtain an endless belt: 
and, after cooling, the space c is pressurized from the axial core 234 side and the molded endless belt is peeled off 
30 from the axial core 234 and then taken out from the apparatus. 

[0203] In the production method of the endless belt according to the present invention, it is suitable if air between 
layers of the wound source material films is removed under a reduced pressure condition of the space c and space d 
being at most 76000 Pa, preferably at most 10000 Pa, and they are integrated by heating in a state in which they are 
pressed and fixed via the barrier member 236 under the pressurization condition of the space e being a pressure of 
35 at least 101300 Pa and at least 2940000 Pa, preferably at least 101300 Pa and at most 1960000 Pa, more preferably 
at least 200000 Pa and at most 980000 Pa. By doing so, it is possible to produce an endless belt without residual air. 
This eliminates voids, and can prevent or reduce the generation of electric breakdown by the applied voltage in the 
belt having an electrically conductive pattern formed thereon later and can prolong the voltage resistance life span to 
an enormous extent. 

■to [0204] Also, for example, in the case of producing a thick endless belt such as being 2 mm thick, the thickness of 
the source material film can be as thick as 0.5 mm; however, it is more suitable if a thin source material film such as 
having a thickness of 0.2 mm is used while taking care so as not to increase the winding number too much, because 
then it is easier to obtain an endless belt being excellent in the uniformity in the thickness and the flatness of the winding 
starting and winding finishing portions. It goes without saying that, in the case of producing a thinner endless belt than 

•*s the aforesaid ones, use of a thinner film than the aforesaid source material film is a condition to produce a good endless 
belt. Although this differs depending on the fluidity of the resin, it will be a good condition if the thickness of the source 
material film to be used is generally at most 1/3, preferably al most 1/5, of the thickness of the endless belt to be 
produced, and the winding number is at least 3 times, preferably at least 5 times. Under such a condition, by using a 
film in accordance with the thickness of the endless belt to be produced and by suitably setting the winding number, 

50 endless belts having an arbitrary thickness, from thin endless belts to thick endless belts, can be produced, and more- 
over the thickness of the film can be made almost uniform, so that the thickness of the obtained endless belt can be 
made almost uniform. 

[0205] In the production method of the endless belt according to the present invention, the wound source material 
films are integrated by heating, so that the layer thickness of the endless belt can be set to be arbitrary by the thickness 
55 of the source material films and the winding number, it is possible to produce a thick endless belt easily and stably as 
compared with the case in which a jig is subjected to application and drying - curing, and moreover, there are no low- 
molecule residual or gas residual at the curing time such as in the case of drying and curing after the solution is applied, 
so that it is preferable also in view of characteristics of the belt. Further, it is easy to produce thin endless belts as well 
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^^aTna^rr^T^? W m * hod - ^ » is eas * * P«*- having 

!« ^H ,h " J 8 d,ameter and from long ones to short ones, the method is excellent in precision 

rn,™ . ,i 86 J) aVmfl 8 Unif ° rm thiCkn6SS in the ci ™mferential direction and the width di ecto can be made 

ES7, h h? 6ndleSS bSlt Pr0dUCti ° n meth ° d °' thS Present invention the ™' d ^ method o^ usmg "a 'aSable 
and detachable ax.a. core 234 is excellent in productivity because the winding preparation oHhe source materSl fSms 
and the demounting of the produced endless belt, can be carried out in different steps, and a so always stabilizes the 
™!' d, :r " r 6 " 5 ' 0 " ° f end,6SS bSlt ' S ° that " iS '"standingly excellent in precision an^ S ™ 
pared with the extrusion or injection method of the conventional method. Further, this production ^ethS ca^n be appHed 
o a of those ,n wh.ch the films are made of resin, and has a high general-purpose property A^o by mak.nq t h e fm 
m^Tth am °V, nt ? 9 3 meth ° d haVin9 3 9 ° 0d P roduc,ivit V -uch as the casting method th e^IZZi!n6er na 

t"e time T^ZZFT* ™T' " and m6th0d t0 the ™™ «S C^uSinSZ 

the time of mass production can be reduced, and in addition, by preparing axial cores of various kinds in advance ft 

can be easily adapted also to the production of various product types having different size m a small amount h J 
u^^ 

17 aPP " ed t0 the P resent apparatus can be applied as a monolayer or multi-layer shape by using the 

th^J tit °T k US rSSmS haVln9 Van ° US Pr ° perties in acc °^nce with the intended usage Also the surface o* 

TZh k 66 SUbj6Cted 10 the af0resaid surface ,reatment Fu « h er, films on which an elSode pattern is 

formed can be applied, and can be used for molding a medium conveying belt electrode pattern is 



EXAMPLES 



[0207] Hereafter, Examples of the present invention will be shown. The present invention is not limited to these 
Examples. 

SZn^^^*™ C8rried ° Ut USin9 af ° reSaid mU,ti -'^ red end ' esS be " ap P a — 170 
[Example 1] 

[0209] A laminate film in which a layer of thermoplastic polyimide PIXEOTP-D (Tg 151°C) (manufactured bv 
S' ChMl Co - Ltd.) of 4 H m thickness was formed on both surfaces oJaP.CAL nSJSSSiS 

^r^a?d°^^3i 4 TlT ' S 3 n °; therm0plasticpo| V^^e,i,m of 12.5 ,m thickness, was cut tc TZt 
. T 9 m ° n an end port,on thereof havin 9 a length of 785 mm in the lenath direction an 

2SSL?r n 9 " e ' eCtr0de Width ° f 6 an stance of 3 mm. and a hicknesi^ T ]'Z 

was formed by screen pnnting with the use of an epoxy silver paste. The film having the electrode pattern fornied 
thereon was wound for four layers around an axial core in an apparatus 170 such as shown in Fig 47 so thaUhe 

t^^Z^^TT^ ,ayer aXia ' C ° re WaS made ° f tW ° COmponents inclu^g L ax afcore 
tubular body) made of SUS and a th.n metal tube made of SUS, having a thickness of 200 urn having a diameter that 

Z,m 6 C n 0S ^ C0 T.r? aXia ' C ° re 31 an ° rdinary ^""ture, and having a surface iSie^Tp^TCJ 
ube was "s^Tthantr 38 T^. ,n ,he axial core - Here - lhe ^ of the thtmeta 
rnr!l^ h , COre ' a " d 3n ° penin9 f0r pressure reduction was dis P°*ed on a portion of the axial 

Q1 "? C ° Vered With thS me,a ' tUbS Thereafter ' as a res,n fi,m for an strode protective .aver Cefral Soft 
G1 50F200 (manufactured by Centra. Glass Co., Ltd.), which is a polymer of vinylidene fluoride and cWormrmuometh 
ylene having a thickness of 25 urn was wound for four layers cniorotntiuoroeth 

[hTouler SZSf; a Seamless tubu,ar op i ect ™ d * ^ si'*cone rubber having an inner diameter larger by 1 mm than 
Jer^n h h f ^ C ' rCUmferenlial suriace ha -ng the resin film for the e.ectrode protective LyeT wound 

thereon was attached to cover the entire axial core. Next, both ends of this seamless tubular body made o mbber 
were strongly fastened with a clamping fixing too, such as a belt made of metal, and glass wool was aZed to bite on 
he aforesaid pressure reduction opening. The glass woo, was used for preventing the pressure "duSon caused Z 

Lmnfn^ C °T " beiR9 " C ' 0Se C ° n,aCt WUh the ° Penin9 at the lime of Press-izatL. The who" set having thl 
clamping tool thereon was introduced into a vacuum press apparatus manufactured by Ashida SoisaLsho Co Ltd 
and the pressure was reduced down to 13 Pa via the pressure reduction opening, and the inst the vacuum pnass 
SSiTT n h 9 I" 10 3 PreSSUri2ed State ° f 0 98 MPa * "^gen pressurization. Further, by hot 2 circu. a ton 

It 20oT o 5 m nufef tl T ™ UP l ° 2 °°° C 31 3 ^ ° f 1 0OC/min ' and after maintain ' n 9 ». temperature 
Sp,«t f It T ! ' temperature was lower ^ to an ordinary temperature at a rate of 10°C /min After the 
pressure was returned to ordinany state both in pressurization and pressure reduction the set was takeVout from Z 
vacuum press apparatus. The clamping too, and the rubber pipe body were mr^^T^!^^!^ 
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polyimide film belt wound thereon was removed from the axial core. Further the thin metal tube was deformed and a 
medium conveying belt was taken out. 

[0211] The resin film for the electrode protective layer had a specific volume resistance of 3.4 x ,10 14 LI . cm. a 
dielectric constant of 6.4. and a melting point of 160°C. Further, the thickness of the heat-welded electrode protective 
5 resin layer was 100 um. Further the step difference of the winding starting end and the winding finishing end of the 
electrode protective resin film were 5 um and 4 um : respectively. 

[0212] The adsorptive power of this medium conveying belt on paper was measured. The measurement method was 
as shown in Fig. 61 A DC voltage of 3 kV was applied between the electrodes of the electrode pattern 302 in the 
medium conveying belt and a paper 304 having an A4 size was allowed to be adsorbed by the belt 300. The numeral 

10 306 represents a protective film. Thereafter, the paper 304 was pulled in the direction shown by an arrow in the Figure, 
in the direction parallel to the surface of the belt 300 ; and the maximum power at the time when the paper 304 moved 
was measured as the adsorptive power. The adsorptive power was 15 kg. Further, in order to measure the voltage 
resistance, a DC voltage was applied between the electrodes of the electrode pattern 302 in a state where a paper 
having an A4 size similar to the above-described one was placed; the applied voltage was gradually raised; and the 

is voltage at which the electric current value exceeded 1 mA was evaluated as the voltage resistance. The voltage re- 
sistance value was 6.2 kV. 

[0213] Further, this conveying belt was stretched under a light tension between two rollers having a diameter of 5 
cm, and they were rotated at a speed of about 30 cm/sec to conduct a conveyance test for eye observation. As a result 
of this, conspicuous irregularity of the rotation of the belt was not noticed. 

20 

[Example 2] 

[0214] A medium conveying belt was fabricated in the same manner as in Example 1 except that, instead of using 
one in which the thermoplastic polyimide film layer was formed on both sides of the nonthermoplastic polyimide. a 20 

25 fjm-thick film prepared by adding 25% (with respect to the resin component) of a clay-based compound Smectite SPN 
(manufactured by Corp Chemical Co., Ltd.) to a similar thermoplastic polyimide was wound for four layers and used, 
and measurements similar to those of the Example were carried out. As a result of this, both the adsorptive power and 
the voltage resistance showed values similar to the Example, and the conveying property was good without irregularity. 
[0215] The step difference of the winding starting end and the winding finishing end of the electrode protective resin 

30 film were each about 8 urn 

[Comparative Example 1] 

[0216] An electrode pattern having an electrode width of 6 mm, an inter-electrode distance of 3 mm, and a thickness 
35 of 10 um was formed (printed) on a nonthermoplastic polyimide film having a thickness of 75 jam with the use of an 
epoxy-based silver paste. The film having the electrode pattern formed thereon was stuck onto a 25 u m polyimide 
film in a belt form with the use of a 10 (i m tape having an epoxy-based adhesive of the B stage applied thereon, and 
the adhesive was heat-cured for bonding. Thereafter, Cefral Soft G150F200 (manufactured by Central Glass Co., Ltd.), 
which is a polymer of vinylidene fluoride resin and chlorotrifluoroethylene : was applied as an electrode protective resin 
io layer by the coater method so that it would have a thickness of 1 00 u.m, thereby to prepare a medium conveying belt. 
The applied electrode protective resin layer had a specific volume resistance of 3.0 x 10 14 Q-cm, a dielectric constant 
of 6.5, and a melting point of 160°C. Further, the thickness of the applied electrode protective resin layer was 100 um 
[0217] The adsorptive power on paper and the voltage resistance of this medium conveying belt were measured in 
the same manner as in Example 1 . As a result of this, the voltage resistance had a low value of 3 kV, although the 
is adsorptive power was approximately the same as that of Example 1 . Further, as a result of the belt conveying test, 
irregularity of movement was noticed when the belt joining portion passed over the roller. 

[0218] Further, the step difference of the protective layer on the joining portion of the nonthermoplastic polyimide 
was 7 um; however, at the joining portion in the inside was still measured as 35 jim which was the step difference of 
the joining tape. 

50 [0219] The following Examples 3 to 5 are Examples of the production method of a medium conveying belt in which 
the electric power can be supplied from the inside. 

[Example 3] 

55 [0220] An epoxy resin made of a mixture (2 : 1) of cresol novolac epoxy resin (Epicoat 180S65 manufactured by 
Yuka Shell Epoxy Co., Ltd.) and a novolac phenolic resin (PSM-4327 manufactured by Gun-ei Chemical Industry Co., 
Ltd.) is applied on one surface of a polyimide film (Apical NPI manufactured by Kanegafuchi Chemical Industry Co., 
Ltd.) to prepare a material for forming an endless belt. While maintaining the adhesive layer in the B stage state in 
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which the react,™ ,s stopped midway, a film is stamped out and wound around a supporting body as shown in Re 
a mllin i x f T " ^ ^ 8 PVDF f " m (KF manufactured by Kureha Chemical .ndustry Co Ltd havi q 
323 man 9 ST c J °C "*"* 80 e ' eCtr ° de pattem * f0rmed witb a " Really conductive^paste potite^A 
bS such IT h " ^'T KaS6i °°- Ltd - ) iS W ° Und ThiS iS heated and Pressurized to obtain a m i conJey^g 
beu such as shown ,n F,g. 30, ,n which the electric power is supp.ied from the opposite surface of the protect etayer 



surface 
[Example 4] 



0221] A f.lm of thermoplastic polyimide having a glass transition temperature Tg of 150°C (PIXEO TP-D manufac- 
ocLZ Tr 9 "'"I : h T^ ,ndUSt,V C °- LW) iS US6d 38 8 material for forming an endless belt and an tetrode 
T , ,S press - bonded with a fla » P |ate P^ss. This is wound around a tubular supporting body hav'^a dimeter 

This T L a f Ther ^ aft6 ' 3 ° f PVF r6Sin (Ted ' er TST20SG4 manufactured by D^tC^S)^^ 
This s heat-pressurized to obtain a belt such as shown in Fig. 33. Next, in order to facilitate the bendina'of aZir 

ZTn a be^ttw rch 0 t rl aS t ShOWn ^ f °"° Wed by heat "P— ization with hot ro..s to obtain L 'medfum co - 

Tn Fig 39 ^ ' S SUPPHed fr ° m the ° PP ° Si,e SUrface of the P^ive layer surface, as shown 



[Example 5] 



E£?n rprf^? madS ° f 3 therm °P' aslic PeVimide having a glass transition temperature Tg of 150'C 

22, IT 38 WOU t ndaro " nd a su PP°*ng body A PFA resin film (Af.on PFA.manufactured by Asahi G.ass Co Ud ) 

ZT n *l m Pr , 7 ' ayer ma,eria '' W ° Und there ° n - ThiS was heat-pressurized to obtain a belt such asshown 
m F.g. 42. Next, an electncally conductive fiber (Sanderlon manufactured by Nippon Sanmo Senshoku Co Ltd I 

30 3 mS l ° PSne,ra,e ,hmU9h an eleCtr ° de p0rti °"' and a " elac 'rica„y conduc « e pastfwas IpHed 

olotitJ a f nd heat " CUred ,0 ° btain a medium conveying be.t in which the electric power is s^d fZ he 

opposite surface of the protective layer surface. »uppnea irom tne 



[Examples 6 to 8] 



S f0 !' 0Win9 Examples 6 t0 8 are Exam P'es of the present invention capable of obtaining an excellent elec- 
trostafc adsorpt.ve power by adjusting the surface roughness of a belt with the use of a cover bag 



[Example 6] 



S 1 J" el6Ctrode pa " ern 14 havin 9 an electrode width of 6 mm, an inter-electrode distance of 3 mm and a thick- 
ness of 0 H m was formed on a nonthermoplastic polyimide film having a thickness of 50 H m with the Te of an eooxv 

™^X^£XT a the electrode pattern 14 f0 ™ ed ,hereon was joined in a be,t ^£EES 

to an axial mam body. Thereafter, as a resin f.lm, Cefral Soft G150F200 (manufactured by Central Glass Co Ltd ) 

Sunder aT'H 0 ' * ^ * 8 " Vmy ' idene f,UOnde and chlorotrif.uoroethylen wi fwound for flu 

layers under an ordinary pressure while applying a suitable tension. Thereafter, a seamless tubular baa i made of a 
s cone rubber, which had an inner diameter larger by 1 mm than the outer diameter of the ou tennis drSrent al 
surface of the wound electrode protective resin ti.m and in which the surface roughness Ra of the inner surf^eTs 0 2 
Z bao an7 aS h ^ ™ f"* - 3 «"* °' the entire resin «*"■ Thereafter, eXa Ze between 

ate of ?3 PaTnd th m 6 C 0 ° n t Vey,n9 ^ f ° rmin9 aPPar8tUS 3 ° ; ^ ln8We ° f the ba ^ W3S brOU 9 ht into a reduced pressure 
state of 13 Pa, and the outer orcumferential atmosphere of the bag was brought into a pressurized state of 1 96 MPa 

at ^oo C for 5 mmutos, .t was cooled to an ordinary temperature. Thereafter, the nitrogen gas was leaked to return tho 

reTeased to f^T^ then <he State ,n WhiCh the reduced Pressure o'f tZ^ToUteTzgZ 

released to return the pressure to atmospheric pressure, the bag was removed to prepare a medium convevino bll 
having he electrode protective resin film welded thereon. The electrode protective Lin fL that was ou L Zt Th 

t^SnerTrr? 06 ,? 34 x 1014 ° - cm - a « mc ^ ^ztx^Cc ztj 
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[0225] In the manner shown in Fig. 61 , the adsorptive power of this medium conveying belt on paper was measured. 
The paper 304 was pulled in the direction shown by an arrow in the Figure, in the direction parallel to the surface of 
the belt, and the maximum power at the time when the paper 304 moved was measured as the adsorptive power. The 
results are shown in Table 1 . 
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[Examples 7 to 8] 

[0226] A medium conveying belt was obtained in the same manner as in Example 6 except that the surface roughness 
Ra and the surface roughness Rz of the inner surface of the cover bag were set to be the values shown in Table 1 . 
5 The specific volume resistance and the dielectric constant of the obtained electrode protective resin film were as shown 
in Table 1 . Further the adsorptive power on paper 304 and the surface roughness Ra and the surface roughness Rz 
of the electrode protective film were measured in the same manner as in Example 6. The results are shown in Table 2. 

[Comparative Example 2-3] 

10 

[0227] A medium conveying belt was obtained in the same manner as in Example 6 except that the surface roughness 
Ra and the surface roughness Rz of the cover bag were set to be the values shown in Table 1 . 
[0228] The adsorptive power of these medium conveying belts on paper was measured in the same manner as in 
Example 6. As a result, as shown in Table 1 , the surface roughnesses Ra of the medium conveying belts were as large 
15 as 0.5 u m and 0.7 urn, and the surface roughnesses Rz were as large as 2.3 jim and 2.9 urn, and the adsorptive 
powers were both low values as compared with the Examples. 

[Preliminary tests 1 to 13] 

20 [0229] The preliminary tests 1 to 13 were carried out for determining the optimal range of the operation condition of 
the multi-layered endless belt molding apparatus according to the present invention. 

[0230] Conditions regarded as being suitable were grasped in advance by carrying out various preliminary tests (the 
tests were carried out. as conditions for comparison, by applying a pressure using a flat plate press, for the case in 
which the source material films were sandwiched between rubber mats, for the case in which pressure was applied 
25 by air pressure via rubber, for the case in which pressure reduction was present/absent between the laminated films, 
for the case in which a pattern was printed with an electrically conductive paint on the film surface to provide uneven- 
ness, for the case in which a thermoplastic resin film of a different kind was superposed on a multi-layered film, for the 
case in which the heating temperature was changed, and for other cases at that time) on the films that were put to use, 
and a part thereof will be described below. 

30 

[Preliminary test 1] 

[0231] With the use of a flat plate press P shown in Fig. 62 ; heating and pressurization were carried out via a rubber 
mat 310 in atmospheric air. Only a thermoplastic resin film 312 was used as a source material film. 

35 

1) A fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film 
and was heat-pressurized at 1 60°C and 3900000 Pa. (After raising the temperature, it was held for 2 minutes, and 
thereafter it was cooled with a cooling press for 5 minutes.) As a result, the film was barely in close adhesion, but 
large air bubbles were noticed in a large number. 
40 2) A fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film 

and was heat-pressurized at 1 60°C and 9800000 Pa. (After raising the temperature, it was held for 2 minutes, and 
thereafter it was cooled with a cooling press for 20 minutes.) As a result, the film was fully in close adhesion, but 
a large number of air bubbles from large ones to small ones were noticed. 

3) A fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film 
45 and was heat-pressurized at 200°C and 16000000 Pa. (After raising the temperature, it was held for 2 minutes, 

and thereafter it was cooled with a cooling press for 20 minutes.) As a result, the film was fully in close adhesion 
and large air bubbles were not noticed, but resin flowing was present on an end surface. 

[Preliminary test 2] 

50 

[0232] With the use of a flat plate press P shown in Fig. 62, heating and pressurization were carried out via a rubber 
mat 310 in atmospheric air. A laminate film 314 in which a TPl layer was attached on the surface of a PI film was used 
as a source material film. 

55 1 ) One having a glass transition temperature Tg of 1 50°C was used as the TPl and was heat-pressurized at 1 80°C 

and 3900000 Pa. (After raising the temperature, it was held for 2 minutes, and thereafter it was cooled with a 
cooling press for 5 minutes.) As a result, close adhesion power was insufficient and large air bubbles were present 
in a large number. 
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2) One having a glass transition temperature Ta of 1 50°C was used ac th« td, 

and 9800000 Pa (After raisina thP tpmrl . I ^! f 1 and W * S heat "P re ssuri7ed at 1 80°C 

[Preliminary test 3] 

air bubbles were interspersed. m.nutea.) As a result, close adhes.on power was sufficient but 

[Preliminary test 4] 

2) One in the B stage state (the state in which the reaction was stopped midway) was used as the enow ta«pr 3 „h 
[Preliminary test 5] 
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[Preliminary test 6] 

[0236] As shown in Fig. 63. the space f partitioned by an elastic body (silicone rubber) 316 was subjected to pressure 
reduction to about 1300 Pa. and pressurized by the air pressure of (the space g) via the elastic body 316. (It results 
5 in being pressurized relatively with about 100000 Pa.) A laminate film 314 in which a TP! layer was attached on the 
surface of a PI film was used as a source material film. 

1 ) One having a glass transition temperature Tg of 1 50°C was used as the TPI and heated at 1 80°C. (After raising 
the temperature, it was held for 2 minutes, and thereafter it was left to stand for 30 minutes for cooling.) As a result. 

10 close adhesion power was a little insufficient, air bubbles were absent by eye observation. 

2) One having a glass transition temperature Tg of 1 50°C was used as the TPI and heated at 200°C. (After raising 
the temperature, it was held for 2 minutes, and thereafter it was left to stand for 30 minutes for cooling.) As a result, 
close adhesion power was sufficient, and also air bubbles were absent. 

1 $ [Preliminary test 7] 

[0237] As shown in Fig. 63, the space f partitioned by an elastic body (silicone rubber) 31 6 was subjected topressure 
reduction to about 1300 Pa, and pressurized by air pressure via the elastic body 316. A laminate film 314 in which an 
epoxy layer was attached on the surface of a PI film was used as a source material film. 

20 

1 ) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer and 
heated at 200°C. (After raising the temperature, it was held for 2 minutes, and thereafter it was left to stand for 30 
minutes for cooling.) As a result, close adhesion power was sufficient, and also air bubbles were absent. 

25 [Preliminary test 8] 

[0238] As shown in Fig. 63, the space f partitioned by an elastic body (silicone rubber) 316 was subjected to pressure 
reduction to about 1300 Pa, and pressurized by air pressure via the elastic body 316. A laminate film 314 in which an 
epoxy layer was attached on the surface of a PI film as well as a thermoplastic resin film 312 were used in superposition 
30 as a source material film. 

1) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer, 
and a fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film. 
They were heated at 180°C. (After raising the temperature, it was held for 2 minutes, and thereafter it was left to 

35 stand for 30 minutes forcooling.) As a result, close adhesion power was sufficient, and also air bubbles were absent. 

2) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer, 
and a fluororesin film having a glass transition temperature Tg of 1 30°C was used as the thermoplastic resin film. 
They were heated at 200°C. (After raising the temperature, it was held for 2 minutes, and thereafter it was left to 
stand for 30 minutes for cooling.) As a result, close adhesion power was sufficient, air bubbles were absent, and 

•*o also resin flowing was absent on the end surface. 

[Preliminary test 9] 

[0239] As shown in Fig. 63, the space f partitioned by an elastic body was subjected to pressure reduction to about 
45 1300 Pa, and pressurized by air pressure via the elastic body 316. A laminate film 314 obtained by printing on a PI 
film surface with an electrically conductive paint and attaching an epoxy layer thereon as well as a thermoplastic resin 
film 312 were used in superposition as a source material film. 

1 ) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer and 
50 fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film. The 

unevenness of the surface caused by the electrically conductive paint was from 7.2 to 8.3 urn. They were heated 
at 180°C. (After raising the temperature, it was held for 2 minutes, and thereafter it was left to stand for 30 minutes 
forcooling.) As a result, close adhesion power was a little weak but air bubbles were absent. 

2) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer and 
55 fluororesin film having a glass transition temperature Tg of 130°C was used as the thermoplastic resin film. The 

unevenness of the surface caused by the electrically conductive paint was from 7.2 to 8.3 urn. They were heated 
at 200°C. (After raising the temperature, it was held for 2 minutes, and thereafter it was left to stand for 30 minutes 
for cooling.) As a result, close adhesion power was sufficient, air bubbles were absent, and also resin flowing was 
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absent on the end surface. 
[Preliminary test 10] 



w 



15 



20 



andThl Sh ° Wn in 64 ' thG Pr6SSUre °' the Space h P^tioned by an elastic body (silicone rubber) was reduced 
w ht h ! tp, ' ^ preSSUdZed t0 P ressurize the s ™ materia, film via the elastic body 3 ° A taJTaSJta 3 4 * 

1) One having a glass transition temperature Tq of 150°C was used a? thp tpi Th= t 

to 200°C at a C n 00f i n f R «r/ mi n ^ ^ , t e TPL The temperature was ra sed up 

rJn? h P 1 and ' after mainta '™g it for 2 minutes, it was cooled at a speed of 4'C/min ThP 

reduced pressure level was pressure 76000 Pa, and the pressurization was 300000 Pa As a result t^ c.12 
adhesion power was sufficient, and also air bubbles were not noticed ' 0,086 

to SS^^J^S?^ T9 t ° f 15 °° C WaS USed as ,he TPI - The temperatum was raised up 
rLn^H . d ' after mainta,nin 9 't for 2 minutes, it was cooled at a speed of 4°C/min Th£ 

reduced pressure level was pressure 2000 Pa, and the pressurization was 2030000 Pa aT resu tnTclose 
adhes,on power was sufficient, and also air bubbles were not noticed ' 

2 2 O 00^T, i rpe^V6»Sn n a:7 e r Ure ^ °' ^ UMd 35 ,he TPr The -ised up 

L H 31 d Speed 0f 6 C/mm and ' afler maintaining it for 2 minutes, it was cooled at a speed of 4°C/min Th* 
reduced pressure .eve, was pressure 2000 Pa, and the pressurization was 1010000 pTZ a ll^Te clse 
adhesion power was sufficient, and also air bubbles were not noticed. 

[Preliminary test 11] 

25 ^ Sh ° Wn " FiQ - 64 ' PrSSSUre ° f the S P ace h P a ^tioned by an elastic body 31 6 was reduced and th* 

uu,fc!U dl d s P ee a or 4 C/min. The reduced pressure level was nreaaiir* onnn Do »u 

cooled at a sn PP H of 4 o r/min Vk ^ ! P ° 6 C /m,n and ' after maintaining it for 2 minutes, it was 
cooiea ai a speed or 4°C/min. The reduced pressure level was or^<am ?nnn d q *u • 
1010000 Pa Aci a r^QNit th^ ^ ■ wu,t? ,evei was pressure 2000 Pa. and the pressurization was 
ion oooo Pa. As a result, the close adhesion power was sufficient and also air bubbles were not noticed. 

[Preliminary test 12] 

Pa As a result ^Ll^l PreSSUr6 ,6Ve ' WaS Pr6SSUre 2000 Pa ' and ,he Pressurization was 2030000 

absent SS '° n ^ Wa » SUffident < air bubbles were not noticed, and a.so resin f.owing was 

and°a f.uoro^S e h State ^ ^ WhiCh *' reaCti ° n WaS S,0pped midwa *> was ^ a * the epoxy .ayer 

at a speed of 4°r/m,n jh a * ^ataspeedof 6 C/minand,afterma.ntain.ng.tfor2minutes, itwascooled 

Pa As a result ,^ clo J^h. Pr6SSUre ' eVe ' PrSSSUre 2 °°° Pa ' and ,he P^surization was 1010000 
absent ^ 3ir bUbbl6S Were no1 noticed < a ^ a.so resin f.owing was 
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[Preliminary test 13] 

[0243] As shown in Fig. 64. the pressure of the space h partitioned by an elastic body was reduced and the space i 
was pressurized to carry out pressurization via the elastic body 314. A laminate film 314 obtained by printing on a PI 
film surface with an electrically conductive paint and attaching an epoxy layer thereon as well as a thermoplastic resin 
film 312 were used in superposition as a source material film. 



1) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer 
and a fluororesin film having a glass transition temperature Tg of 1 30°C was used as the thermoplastic resin film. 

10 The unevenness of the surface caused by the electrically conductive paint was from 7.2 to 8.3 um. The temperature 

was raised up to 200°C at a speed of 6°C/min and. after maintaining it for 2 minutes, it was cooled at a speed of 
4°C/min. The reduced pressure level was pressure 2000 Pa : and the pressurization was 2030000 Pa. As a result, 
the close adhesion power was sufficient, air bubbles were not noticed, and also resin flowing was absent. . 

2) One in the B stage state (the state in which the reaction was stopped midway) was used as the epoxy layer, 
*5 and a fluororesin film having a glass transition temperature Tg of 1 30°C was used as the thermoplastic resin film. 

The unevenness of the surface caused by the electrically conductive paint was from 7.2 to 8.3 um. The temperature 
was raised up to 200°C at a speed of 6°C/min and, after maintaining it for 2 minutes, it was cooled at a speed of 
4°C/min. The reduced pressure level was pressure 2000 Pa. and the pressurization was 1010000 Pa. As a result, 
the close adhesion power was sufficient, air bubbles were not noticed, and also resin flowing was absent. 

20 

[Results of the preliminary tests] 



[0244] The results of the preliminary tests were summarized in Tables 2 to 5. 
25 [Table 2] 



Combination of films 




Film type 


1 


fluororesin 


2 


PI/TPI 




3 


Pl/epoxy 




4 


Pl/epoxy 


fluororesin 


5 


P l/pattern printing/epoxy 


fluororesin 



[0245] Three kinds of apparatus were used. 



A: Fig. 62 flat plate press 

B: Fig. 63 press by film pressure reduction and atmospheric pressure 

C: Fig. 64 press capable of pressure reduction and raising the temperature and cooling 



Explanation of symbols: 

x-.poor A— a little poor O— good 

45 



[Table 3] 



55 



In the case of flat plate press 


Film 


160°C 3900000Pa 


160°C 9800000Pa 


180°C 3900000 
Pa 


180°C 9800000 
Pa 


200°C 16000000 
Pa 


1 










A 


2 










A 


3 




A 








4 










A 


5 










A 
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[Table 4] 



10 



15 



20 



Press by film pressure reduction and atmospheric pressure 


Film 


180°C 


200°C 


2 


A 


o 


3 




o 


4 


O 


o 


5 


A 


o 


[Table 5] 



Press capable of pressure reduction and raising the temperature and cooling 



Film 



2 
3 



3000000Pa Reduced pressure 
76000Pa 



2030000Pa Reduced pressure 
2000Pa 



O 



1010000Pa Reduced pressure 
2000Pa 



O 



4 

5 



25 
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o 



o 



[0246] From the above, heating and pressurizing conditions were generally as follows. 

at S b^St™* SP " S "*""* " m * *™ p ™ s * nl '° rem ° ve *" »•'«—'' deration 
or air bubbles can be restrained. 

^ol^mbberwL^ P Zr^ ° f I" 6 SP T Wh6re ,HmS PreSen * and Perf0rmin 9 Polarization via an elastic 

2£i nf , T °« r6S,n be P revented even in * high-temperature state. (It produces an 

effect of checking the resin flowing.) H 

fllCI ° f Spacewhere the films are * Educed and pressurization is performed via rubber 

a good close adhes.on power .s obtained even if the surface has unevenness 

l!!ZTT' Zat,< 2 iS Carried ° Ut With 8 hi9h PreSSUre ' 8 Secure c,ose adhesio " P ow er is obtained: however a 
sufficient close adhes.on power is obtained even with a low pressure. ' 

[0247] Based on these, the present invention was carried out as follows. 
[Examples 9 to 12] 

!Sn JUT Examp 'f S 9 10 12 were carried out with use 0' a nnulti-layered endless belt molding apparatus 1 90 ac- 
cording to the present invention shown in Fig. 48. HHa-mus, ,»u dC 

[Example 9] 

[0249] A thin plate tube having a thickness of 0.15 mm in which a release layer: thickness of 15 urn made of a 
uororesin was deposed on the surface thereof was mounted in an attachable and detachable state on Tn axia! core 
est mm Zh- ma ' n ^ cor : es P° ndi "9 of the apparatus of the present invention: 0249.3 mm) disposed in a 

thic £STof o h", a r hab ' e delaChat " e P,a ' e tUbe ' firSl a SOUrce -^ena. film's having 

film T» « ?! T W ° Und f ° rfOUr ' ayerS 35 3 baSe ' ayer While 9 ivi "S a tensile force; further, a source material 
film of a , d fferent kind hav.ng a thickness of 0.02 mm was wound for five layers for a cover layer and then the source 

to tea ? ' Udln9 ? Ura ' kindS and ,hin P ' ate tUbe W6re tak6n ° Ut in a " 'ntegrated state, ^hey were then mou ted 
to the ax,al core mam body of the apparatus 1 90 of the present invention shown in Fig. 48 while reducing the pressure 
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of the space b to 670 Pa to enlarge the gap. Then., the pressure of the space a was reduced to 2000 Pa and air between 
the laminated films was removed for about 3 minutes. Next, while maintaining the reduced pressure of the space a at 
2000 Pa, the space b was pressurized to 960000 Pa to apply a pressure to the source material film 20 via an elastic 
body (rubber), and the temperature was raised up to about 200°C at a speed of 6°C/min. The heating source was a 
5 heater disposed in the inside of a hollow axial core as shown in Fig. 51 , and has a hole 206 through which a cooling 
medium can be passed, thereby to make the control and cooling possible. 

[0250] After this state was maintained for 3 minutes ; while maintaining the conditions of pressure reduction of the 
space a and pressurization of the space b : the temperature was lowered at a speed of 4°C/min for cooling to room 
temperature, thereby to form an integrated endless belt. 

10 [0251 ] Thereafter the endless belt and the attachable and detachable thin plate tube were taken out simultaneously, 
and the endless belt and the attachable and detachable thin plate tube were separated to take only the endless belt out. 
[0252] Here : the resin film winding apparatus was used to wind the source material film around the thin plate tube, 
and incorporates therein a driving device capable of rotating the axial core and capable of controlling the speed. 
[0253] Regarding the source material films used here, the base layer was a laminate film in which an epoxy layer 

15 was disposed to a thickness of 5 u.m on both surfaces of a PI film of 15 \±m to provide a total thickness of 25 urn, and 
the cover layer was a fluororesin film having a thickness of 20 urn and a glass transition temperature Tg of 130 W C to 
which barium titanate having a particle size of less than 2 urn was added at about 12% as a filler. 
[0254] The endless belt molded body obtained in this manner was an endless belt 20 having an outer diameter of ' 
about 0250 mm and a thickness of about 200 ^im : and had a sufficient precision with a thickness variation of about 

20 10 jam. Further, the inner surface of the endless belt had been flattened by being pressed onto the axial core by the 
applied pressure, and the outer surface had the fluororesin melted by heat and had been pressurized by the elastic 
body (rubber) 40 having a flat surface to provide a smooth surface also at the winding finishing end. In addition, air 
bubbles between the films were absent, and resin flowing at the end in the width direction was absent, so that it was 
fully practicable. 

25 

[Example 10] 

[0255] Approximately the same condition as in the previous example was used, and the condition of pressurizing 
the space b was set to be 2000000 Pa. 

30 [0256] Regarding the source material films used here, the base layer was a laminate film in which a TPI layer having 
a Tg of 150°C was disposed to a thickness of 5 jim on both surfaces of a PI film of 15 jam to provide a total thickness 
of 25 jim. and the cover layer was a fluororesin film having a thickness of 20 }im and a glass transition temperature 
Tg of 130°C to which barium titanate having a particle size of less than 2 urn was added at about 26% as a filler. 
[0257] The endless belt molded body obtained in this manner was an endless belt 20 having an outer diameter of 

35 about 0 250 mm and a thickness of about 200 um and had a sufficient precision with a thickness variation of about 
1 0 nm. Further, the inner surface of the endless belt 20 had been flattened by being pressed onto the axial core by the 
applied pressure and also due to the softened and melted TPI, and the outer surface had the fluororesin melted by 
heat and had been pressurized by the elastic body (rubber) 43 having a flat surface to provide a smooth surface also 
at the winding finishing end, so that it was fully practicable. 

40 

[Example 11] 

[0258] Approximately the same condition as in the previous example was used, and the condition of pressurizing 
the space b was set to be 2000000 Pa. 

*s [0259] Regarding the source material films used here, the base layer was a laminate film in which a TPI layer having 
a Tg of 150°C was disposed to a thickness of 5 ujn on both surfaces of a PI film of 15 jim to provide a total thickness 
of 25 u,m and an electrode pattern having a thickness of about 8 u,m had been printed thereon with an electrically 
conductive paint, and the cover layer was a fluorine-based film having a thickness of 20 jam and a glass transition 
temperature Tg of 130°C to which titanium oxide having a particle size of less than 5 jam was added at about 11% as 

50 a filler. 

[0260] The endless belt molded body obtained in this manner was an endless belt having an outer diameter of about 
0 250 mm and a thickness of about 200 jim, and had a sufficient precision with a thickness variation of about 1 0 (am. 
Further, the inner surface of the endless belt had been flattened by being pressed onto the axial core by the applied 
pressure and also due to the softened and melted TPI, and the outer surface had the fluororesin melted by heat and 
55 had been pressurized by the elastic body (rubber) having a flat surface to provide a smooth surface, and also air 
bubbles were absent in the vicinity of the electrode pattern, so that it was fully practicable. 
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[Example 12] 

[0261] Approximately the same condition as in the previous example was used and th» mn * in n , 

the space b was set to be 2800000 Pa. condition of pressurizing 

5 Sf B 2 L£ e i!t a f n9 th ^. S0UrCe material f ilms used here > the base layer was a laminate film in which an epoxy layer in 
the B stage state was disposed to a thickness of 5 urn on both surfaces of a Pi film of m „ m 7 l . V 
total thickness of 25 um and an electrode pattern 34 having a thickni of about T urn had h ' 'T* L° Pr ° V ' de 3 
an electrically conductive paint, and the cover ,ayer 36 was a l£Z££Z IZ a SeTof ^m "an"' a 

» KS^S^ T9 of 130 ° c t0 which ,itanium oxide havin9 a partic,e — 

SSLma e n e rt n a d 'tH SS , be,t ^ ° Wained thiS manner ^ an endless belt having an outer diameter of about 



[Examples 13 to 16] 



the results of the preliminary tests. 
[Example 13] 



O250 mm STL m °' ded b0dV ° b,ained thiS manner w«. an end.ess belt having an oul diameter of about 
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bubbles between the films were absent, and resin flowing at the end in the width direction was absent, so that it was 
fully practicable. 

[Example 14] 

5 

[0269] Approximately the same condition as in the previous example was used, and the condition of pressurizing 
the space e was set to be 1 96000 Pa. 

[0270] Regarding the source material films used here, the base layer was a laminate film in which a TPI layer having 
a Tg of 150°C was disposed to a thickness of 5 ujti on both surfaces of a PI film of 15 urn in thickness to provide a 
10 total thickness of 25 urn and the cover layer was a fluororesin film having a thickness of 20 urn and a glass transition 
temperature Tg of 130°C to which barium titanate having a particle size of less than 2 u.m was added at about 26% as 
a filler. 

[0271] The endless belt molded body obtained in this manner was an endless belt 20 having an outer diameter of 
about O 250 mm and a thickness of about 200 urn, and had a sufficient precision with a thickness variation of about 
'5 10 urn. Further, the inner surface of the endless belt 20 had been flattened by being pressed onto the axial core surface 
by the applied pressure and also due to the softened and melted TPI, and the outer surface had the fluororesin melted 
by heat and had been pressurized by the barrier member (rubber) having a flat surface to provide a smooth surface 
also at the winding finishing end, so that it was fully practicable. 

20 [Example 15] 

[0272] Approximately the same condition as in the previous example was used, and the condition of pressurizing 
the space c was set to be 1 960000 Pa. 

[0273] Regarding the source material films used here, the base layer was a laminate film in which a TPI layer having 
25 a Tg of 150°C was disposed to a thickness of 5 fim on both surfaces of a PI film of 15 u.m in thickness to provide a 
total thickness of 25 jjjti and an electrode pattern having a thickness of about 8 urn had been printed thereon with an 
electrically conductive paint, and the cover layer was a fluorine-based film having a thickness of 20 u.m and a glass 
transition temperature Tg of 1 30°C to which titanium oxide having a particle size of less than 5 jam was added at about 
11% as a filler. 

30 [0274] The endless belt molded body obtained in this manner was an endless belt having an outer diameter of about 
0 250 mm and a thickness of about 200 urn, and had a sufficient precision with a thickness variation of about 1 0 urn. 
Further, the inner surface of the endless belt had been flattened by being pressed onto the axial core surface by the 
applied pressure and also due to the softened and melted TPI, and the outer surface had the fluororesin melted by 
heat and had been pressurized by the barrier member (rubber) having a flat surface to provide a smooth surface, and 

35 also air bubbles were absent in the vicinity of the electrode pattern, so that it was fully practicable. 

[Example 16] 

[0275] Approximately the same condition as in the previous example was used, and the condition of pressurizing 

40 the space c was set to be 2840000 Pa. 

[0276] Regarding the source material films used here, the base layer was a laminate film in which an epoxy layer in 
the B stage state was disposed to a thickness of 5 u.m on both surfaces of a PI film of 15 u.m in thickness to provide a 
total thickness of 25 u.m and an electrode pattern having a thickness of about 8 ujti had been printed thereon with an 
electrically conductive paint, and the cover layer was a fluorine-based film having a thickness of 20 jim and a glass 

^5 transition temperature Tg of 1 30°C to which titanium oxide having a particle size of less than 5 \im was added at about 
25% as a filler. 

[0277] The endless belt molded body obtained in this manner was an endless belt having an outer diameter of about 
0 250 mm and a thickness of about 200 urn, and had a sufficient precision with a thickness variation of about 10 ujti. 
Further the inner surface of the endless belt had been flattened by being pressed onto the axial core surface by the 
50 applied pressure, and the outer surface had been pressurized by the barrier member (rubber) having a flat surface to 
provide a smooth surface, and also air bubbles were absent also in the vicinity of the unevenness caused by the 
electrode pattern . so that it was fully practicable. 

[0278] As shown above, embodiments of the endless belt according to the present invention, the medium conveying 
belt made of the same, the production method thereof, the molding apparatus, and the production method using the 
55 same were explained; however, the present invention is not limited to the above-described modes. 



45 

JSDOCID: <EP 1 193047A1J .> 



EP1 193 047 A1 

INDUSTRIAL APPLICABILITY 



[0279] In the multi-layered endless belt according to the present invention a lamina «i m u 
vviu i Meal, runner, in ine production method of a mu ti- avered endless belt arrnrHinri tK« 

of the belt can he eaciiw fahri^ot^ f, u • e *' re,eu enoiessDeu according to the present invention, thes ze 

- V fabncated from those havin 9 a lar 9e diameter to those having a small diameter and from lono 

ones to short ones, and also the thickness in the circumferential direction and in the width dfrS on can be made 

' eC, " >S ' a " C aaS ° rP,iVe P ° WeI iS ° t,8i ~ a a " a lhe « °» OHP she« by ,X 

P ;° dUC " 0n meth ° d usin 9 ,he moldin 9 apparatus of the multi-layered endless belt of the present inven 
TeZoZTT: S ° UrCe mat6rial fMmS and the removal ° f the -dless belts, whic are t h product 
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duction method can be applied to all of those made into a film with resin, and has a high general-purpose property. 
Therefore, by producing the films in a large amount by a method having a good productivity such as the casting method, 
the extrusion-calendering method, the roll-calendering method, or the application and drying method to carrier films, 
the production cost at the time of mass production can be made low. Also, by preparing axial cores of various kinds in 

5 advance, it can be easily adapted to production of various product types having different sizes and in a small amount. 
[0287] Further, by using a permeable metal in the axial core of the endless belt molding apparatus of the present 
invention, the belts can be easily peeled off : so that it is practically suitable. Further this production method can be 
applied to all of those made into a film and has a high general-purpose property, so that by producing the source 
material films in a large amount by a method having a good productivity., the production cost at the time of mass 

10 production can be made low. 



Claims 

*5 1 . A multi-layered endless belt having a structure of being constructed with a nonthermopiastic polyimide resin layer 
and an adhesive layer formed from at least one selected from the group consisting of epoxy resin, silicone resin, 
vinyl ester resin, phenolic resin, unsaturated polyester resin, bismaleimide resin, urethane resin, melamine resin, 
and urea resin, and being wound to construct a laminate body. 

20 2. A multi-layered endless belt constructed with a nonthermopiastic polyimide resin layer and a thermoplastic resin 
layer made of a thermoplastic polyimide resin or at least one resin selected from the group consisting of polyether 
sulfone, polyethylene terephthalate, polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, pol- 
yetherimide, polysulfone, polyamideimide, polyetheramide. and polyarylate, wherein the nonthermopiastic poly- 
imide resin layer and the thermoplastic resin layer are wound and alternately formed. 

25 

3. The multi-layered endless belt according to claim 1 or 2, wherein a smooth winding finishing end is formed. 

4. The multi-layered endless belt according to claim 1 or 2, wherein a smooth winding starting end is formed. 

30 5. The multi-layered endless belt according to claim 1 or 2, wherein an innermost circumferential layer having a 
smooth winding starting end and an outermost circumferential layer having a smooth winding finishing end are 
formed. 



35 



45 



6. A production method of a multi-layered endless belt, comprising: 



a laminate film forming step for forming a laminate film by disposing an adhesive layer formed from at least 
one selected from the group consisting of epoxy resin, silicone resin, vinyl ester resin, phenolic resin, unsatu- 
rated polyester resin, bismaleimide resin, urethane resin, melamine resin, and urea resin, on an entire surface 
or a specific portion of one surface or both surfaces of a nonthermopiastic polyimide film; 
40 a winding step for winding the laminate film at least two times around an axial core; and 

a heat-bonding step for heat-bonding the laminate film wound around the axial core with a heat source disposed 
in the inside and/or on the outside of the axial core. 



7. A production method of a multi-layered endless belt, comprising: 



a laminate film forming step for forming a laminate film by disposing a thermoplastic resin layer made of a 
thermoplastic polyimide resin or at least one resin selected from the group consisting of polyether sulfone, 
polyethylene terephthalate, polyethylene naphthalate, polyether ether ketone, polyphenylene sulfide, polyeth- 
erimide, polysulfone, polyamideimide, polyetheramide, and polyarylate, on an entire surface or a specific por- 
50 tion of one surface of a nonthermopiastic polyimide film; 

a winding step for winding the laminate film around an axial core for two or more winds; and 

a heat-welding step for heat-welding with a heat source disposed in the inside and/dr on the outside of the 

axial core. 

55 8. A production method of a multi-layered endless belt, comprising: 

a laminate film forming step for forming a laminate film by disposing a thermoplastic resin layer made of a 
thermoplastic polyimide resin or at least one resin selected from the group consisting of polyether sulfone, 
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polyethylene terephthalate, polyethylene naphthalate. po.yether ether ketone, polyphenylene sulfide po.yeth 

ET2 hnth """J P , 0,yamidelmide - PO'yetheramide, and polyarylate. on an entVe surf^ 
tion of both surfaces of a nonthermoplastic polyimide film ^ace or a specific por 

a winding step for winding the laminate film around an axial core for two or more winds- and 
LlTcoTe 9 ^ hGat " We,din9 ^ S ^ S ° UrCe diSP ° Sed in the ^ and/or on the outside of the 

A production method of a multi-layered endless belt, comprising: 

a film producing step for producing a film made of a nonthermoplastic polyimide resin and a thermoolastir 
.TJr T ° f 8 tf ; ermo P lastic P°'y imide »*" or a. .east one resin selected Tfrom £ £up 
po yether sulfone, polyethylene terephthalate, polyethylene naphthalate, polyetheT ethef totoS oo Ze 
nylene sulf.de, polyetherimide, polysu.fone, polyamideimide, polyetheram de. and pofyZ a e 
a dehvenng step for de.ivering the nonthermoplastic polyimide resin film and the thenroEc resin film 
a w.ndmg step for .aminating and winding the nonthermoplastic poly,mide resm fifrTand th tZJn2«, 
resin film simuitaneous.y for two or more winds around an axial core ZT thermoplast,c 

axl e . a c t oTe e ' din9 St6P heat " Weldin9 With 3 heat source di ^ed in the inside and/or on the outside of the 

a step of preparing a material film according to any one of claims 6 to 9 or a thermoplastic resin film- 

° P : e K a : m9 ! fNm ^ e ' eC,r0de Pattem b * formin 9 an strode pe^^S^^M 
length of a tubular object at one end on one surface of a monolayer film of the'materia, Z d "S££2 

a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 

IT".?'"? V " "" nd ' n9 ' te """ h lhe "" 0, " >ae "■"<"" ""><" «™» »«>und an axial core so th.l 
one e..c„oda panern ,ho oo.onoo,, ol,oo mta! „„a, surf ,oo and ,ho o,h„ elecoo", lorn," ,h. 
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innermost circumferential surface, and further winding a resin film for forming the electrode protective layer at 
least two times on a surface of the electrode pattern; and 

a heat-welding step of heat-welding the film with the electrode pattern and the resin film for the electrode 
protective layer which are wound around the axial core. 

16. A production method of a medium conveying belt having an electrically conductive electrode pattern on an outer 
circumferential surface of a multi-layered endless belt and further having an electrode protective layer on an outer 
circumferential surface of the electrode pattern, the production method comprising: 

a step of preparing a material film according to any one of claims 6 to 9 or a thermoplastic resin film; 
a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential 
length of a tubular object on a part of one surface of a laminate film or the thermoplastic resin film: 
a winding step of winding the film with the electrode pattern at least two times around an axial core: and 
a heat-welding step of heat-welding the film with the electrode pattern wound around the axial core. 

A production method of a medium conveying belt having an electrically conductive electrode pattern on an outer 
circumferential surface and an inner circumferential surface of a multi-layered endless belt and further having an 
electrode protective layer on an outer circumferential surface of the electrode pattern, the production method com- 
prising: 

a step of preparing a material film according to any one of claims 6 to 9 or a thermoplastic resin film; 
a step of preparing a film with an electrode pattern by forming an electrode pattern for one circumferential 
length of a tubular object on a part of one surface of a laminate film or the thermoplastic resin film and forming 
an electrode pattern for one circumferential length of a tubular object at one end of the opposite surface; 
a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 
electrode pattern at one end of the opposite surface forms the innermost circumferential surface; and 
a heat-welding step of heat-welding the film with the electrode pattern and the resin film for the electrode 
protective layer which are wound around the axial core. 

30 18. A production method of a medium conveying belt of a structure having an electrically conductive electrode pattern 
on an outer circumferential surface of a multi-layered endless belt and further having an electrode protective layer 
on an outer circumferential surface of the electrode pattern, the production method comprising: 

a step of preparing a material film according to any one of claims 6 to 9 or a thermoplastic resin film; 
35. a step of drilling a hole through a monolayer film of the material film or the thermoplastic resin film so that the 

electrode pattern of the electrode protective layer will be exposed to the inside of the medium conveying belt 
after winding and heating., or preparing a film narrower than the electrode protective film in a direction perpen- 
dicular to the circumferential direction; 

a winding step of winding the film with the electrode pattern at least two times around an axial core, and further 
40 winding a resin film for forming the electrode protective layer, which has the electrode pattern formed thereon, 

at least two times; and 

a heat-welding step of heat-welding the film and the resin film for the electrode protective layer with the elec- 
trode pattern, which are wound around the axial core, 

whereby an electric power can be supplied from the inside of the belt in applying a voltage to the electrode 
45 pattern between the two layers. 

19. A production method of a medium conveying belt of a structure having an electrically conductive electrode pattern 
on an outer circumferential surface of a multi-layered endless belt and further having an electrode protective layer 
on an outer circumferential surface of the electrode pattern, the production method comprising: 

50 

a step of preparing a material film according to any one of claims 6 to 9 or a thermoplastic resin film; 
a step of forming a film with an electrode pattern by forming an electrode pattern for one circumferential length 
of a tubular object at an end on one surface of the material film or the thermoplastic resin film; 
a winding step of winding the film with the electrode pattern at least two times around an axial core so that the 
55 electrode pattern at one end of the opposite surface forms the innermost circumferential surface; and 

a heat-welding step of heat-welding the film and the resin film for the electrode protective layer narrower than 
the film in a direction perpendicular to the circumferential direction, which are wound around the axial core; and 
a post-processing step of bending the end together with the electrode pattern to the inside of the medium 
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conveying belt for contact-bonding by heating, after molding the belt 

66 s "* , " 9d ,rom ,he insi * 01 " be " ,n e V0,,89e 10 - -««• 

20. The production method of a medium conveying belt according to any one of claims 14 to 1 q wh 0 ™n an i , ■ , 
conduction is established between the electrode pattern and the inside surf^f tht m h ' 
drilling a hole through the medium conveying belt and forming o^-S^h In e^rtoaj SndSe paste 
Zl PrOCe T? T " e,eCtriCa " y C ° ndUC,iVe fib6r USin 9 3 -w,ng machine, or by ust an eye"? a tapter or 

21 nTl UCti ° n ° f 3 multMa y ered endles * belt according to any one of claims 14 to 19 wherein the axial 

z: r m r b^r 9 step comprises a main body and an attachab,e and detacbabie ^ z: 

22 ' IbTeS mS .Tve?h d a S 0 a a nT d U I Hayered 6011,638 ^ aCCOrdi " 9 10 C,aim 21 ■ Wherein said a »^b,e and detach- 
aoie mm metal layer has an adhesion preventive layer disposed on a surface thereof. 

wXlTcZtS 0f 9 m6diUm C ° nV6yin9 aCCOrdi " 9 l ° any ™ °' ClaimS 14 "> ^ serein said heat- 
a step of attaching a tubular cover bag on an outermost circumferential surface of the wound electrode ore 

the whole of the ,nm wi,h ,he eM ^ - - -^^££ES s 

a step of heat-welding the film with the electrode pattern and the electrode protective layer in a state in which 
an outs,de of the cover bag receives a pressure higher than a pressure applied to an ins'ide o, the ^0^9 

^o^ 

ba h g ITSSKSi' mediUm COnVeVin9 aCC ° rdin9 10 any ° n6 ° f C ' aimS 23 l ° 25 ' Wh - in the — 
27. The production method of a medium conveying belt according to any one of claims 1 4 to 26 wherein a filler havinr, 

M ' nlt^LT " e " """"L" 9 appa,au,s « lea.t ».th a removable axial core and a he.t-pr.ssl™ arrD.raars 

ueiween tne axial core and the heat-pressing apparatus and the axial core has an outer circumferential „ lrtar a 0 



30. 



31. 



space 6 a andTacetTre TT* "* ** h ^ ^ b ° dy ' yi " 9 ^tween ^S^ZSZ 

space a and space b) are mdependent.y capab.e of being subjected to pressure reduction and/or pressurized 

^VaSabte TnT^cZT? TT"* *° Cl9 ' m ,he C ° rS iS a ,Ubu,ar -cylindrical structural 
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member, and the space (space e) between the barrier member and the inside of the heat-pressuri7ing device. 

32. The endless belt molding apparatus according to claim 29. wherein the axial core comprises an axial core main 
body and an endless tube of thin metal or heat-resistant resin which is attachably and detachably fitted onto the 
5 axial core main body. 



33. The endless belt molding apparatus according to claim 32 : characterized in that the metal tube fitted onto the • 
axial core main body has a thickness of at least 0.05 mm and at most 3 mm. preferably at least 0.15 mm and at 
most 2 mm. 

10 

34. The endless belt molding apparatus according to claim 32 : characterized in that the heat-resistant resin tube 
fitted onto the axial core main body is made of a nonthermoplastic polyimide (hereafter represented as PI) having 
a thickness of at least 50 jxm, preferably at least 150 am and at most 2 mm. 



35. The endless belt molding apparatus according to any one of claims 32, 33 : 34 ; characterized in that a surface 
treatment having smoothness has been performed on a surface of the endless tube fined onto the axial core main 
body. 



36. An endless belt molding method using an endless belt molding apparatus according to claim 30, characterized 
20 by increasing a period of time for attaching the wound films while maintaining the space b in a reduced-pressure 

state, and reducing the pressure of the space a after the wound films are attached, or by reducing the pressures 
of the space a and the space b after the wound films are attached while maintaining initial gaps in a state of an 
ordinary pressure (atmospheric pressure) as it is, so as to fully eliminate air between the wound films, and then 
introducing air or gas having a pressure higher than atmospheric pressure to the space b, and heating the whole. 
25 wound films with heat supplied from a heating source while pressurizing the whole films via the elastic body, thereby 

to integrate the films for obtaining an endless belt. 



37. The endless belt molding apparatus according to claim 31, characterized in that the axial core comprises a 
permeable member that does not hinder a permeability between the space a and the space b. 

30 

38. The endless belt molding apparatus according to claim 31, characterized in that said permeable member has 
pores having an average diameter at least 1 urn and at most 15 urn. 

39. A molding method of an endless belt using the endless belt molding apparatus according to claim 31 , the method 
35 comprising: 



(1 ) a step of winding a film on an outer circumference of the axial core for one or more layers; 

(2) a step of installing the axial core having the film wound thereon in the inside of said heat-pressing apparatus; 

(3) a step of reducing the pressure of space c and space d to sufficiently remove air between the wound films; 

(4) a step of applying a pressure to space e, pressurizing the whole films via the barrier member, and heating 
the whole wound films while maintaining a pressure; 

(5) a step of cooling while maintaining said pressure; and 

(6) a step of peeling off the molded endless belt from said axial core by pressurizing the space c to obtain an 
integrated endless belt. 
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